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ABSTRACT 
The three main factors that underpin the project study were: 1) Biofuels and alternative 
energy are becoming more important parts of the British Columbia energy matrix. 2) In 
central BC, the mountain pine beetle infestation has led to increased harvesting 
opportunities for lumber, pulp and paper and wood pellet producing companies. 3) In 
2007, the University of Northern British Columbia branded itself as the Green 
University ™ and introduced six green objectives as part of the process. It was from the 
intersection of these three facts that an investigation was undertaken to determine the 
feasibility of utilizing wood pellet derived heat energy for campus heating and cooling. 
The first part of this paper was to review and document the existing heating system at 
UNBC and review the options for selecting, funding, installing and operating a wood 
pellet biomass system in parallel with the existing natural gas campus heating system. 
The second part of the paper was an attempt to calculate the approximate cost of a wood 
pellet biomass energy system suitably sized to fulfill the base heat load requirements of 
the Prince George UNBC campus. Interviews were conducted with key university 
personnel, industry and regulatory bodies to ascertain costs. Costs and estimates were 
then calculated with Natural Resources Canada's RETScreen International Clean Energy 
Support software and Excel spreadsheets to determine the financial viability of such a 
project. The analyses showed that wood pellet heat energy is financially feasible as an 
alternative energy source at UNBC. 
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Chapter 1 
INTRODUCTION 
Bioenergy, or biofuels, have long been recognized as a source of potential energy that 
could be harnessed. In fact, in much of the non-industrialized world, wood energy is still 
being used in day-to-day activities such as domestic heating and cooking. The increasing 
demand for energy in the industrialized world, coupled with declining fossil fuel reserves 
and increasing prices of those fuels is encouraging industrialized countries to re-examine 
traditional energy sources such as wood fuel. Furthermore, with the constraints of the 
Kyoto Accord or similar types of environmental legislation designed to limit C02 
emissions and their effect on the biosphere; government, companies and universities, 
worldwide are looking towards alternative energy sources to fulfill their energy 
requirements in a more environmentally friendly manner. 
Much of Canada' s capacity for renewable energy or biofuels lies in conventional 
hydroelectric power (Figure 1). While this source of power accounts for approximately 
72% of Canada's energy capacity and low-impact hydroelectric (run of river) accounts 
for 17%, biomass still has a place at the Canadian energy table with about a 10% share. 
Low -iflllact 
Hydroelectric , 
17.1% 
Conventional 
Hydroelectric , 
71.8% 
Figure 1: Total Canadian Renewable Energy Capacity by Resource Type (Nyboer et al 2006) 
And if one breaks down the biomass energy contribution further (Figure 2), one notes 
that woody residue accounts for approximately 34% of the biomass contribution to 
Canadian renewable energy capacity. 
3 gas-
G.as .W/, 
Figure 2: Total Canadian Renewables Capacity minus Conventional Hydroelectric (Nyboer et al 
2006) 
Biofuels are expected to become progressively more important in the coming decades in 
British Columbia as shown in Figure 3. 
CHANGES IN B.C. ENERGY SuPPLY - YEARS 2000 TO 2025 
Wind 
2 025 
2000 
0 . 0 4 00.0 Soo.o 1200.0 
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16 0 0 .0 
Biomass and coal supply in 2025 exceed end use due to conversion factors for new rapacity 
Figure 3: Biomass Energy Predictions for BC (Globe Foundation 2007) 
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Biofuels are any biological material that can be used as fuel which would include grass, 
com, wood and biogas as well as other forestry and agricultural residues (BERC 2007). 
Many organizations, both domestically and internationally, are active in coordinating and 
conducting research in the area of biofuels and/or wood bioenergy development 
utilization. Some of these organizations are listed in Appendix I. 
Furthermore, total future BC forestry derived biomass energy stocks are estimated to be 
on the order of 4.5 x 1017 Joules or 87% of future available bioenergy. These numbers 
were calculated by adding the amount from total sustainable forestry and adding it to the 
total amount from mountain pine beetle (MPB) sources and comparing to the total 
potential (last two categories) as shown in Figure 4. 
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With this information in mind, it is not surprising that BC has therefore often been 
referred to as "the Saudi Arabia" of bioenergy by many international bioenergy 
organizations because of its large supply of woody biomass that is available to be used as 
a clean burning energy source. In fact, in Williams Lake, BC an electricity generating 
station is operating completely on woody biomass. The facility opened in 1993 at a cost 
~
of $150 million with a rated capacity of 60 Megawatts (MW) and absolute capacity of 
67-69 MW. The overall electric efficiency at this plant was estimated to be 
approximately 30%. Pulp quality wood waste was utilized from five local sawmills to 
supply the plant with 550,000 green tonnes of wood waste annually. The five supply 
sawmills are less than 5 km from the generating station and the plant claims to be "the 
most efficient stand-alone wood fired power plant in North America" (BIOCAP 2008) 
Sawmill residue comes in several forms: hog fuel, chips and sawdust/shavings. Sawdust, 
which is typically not utilized in the pulping process in northern BC, can be converted 
into a woody biofuel via a high temperature and pressure process producing pellet fuel. 
These are a densified form of dried compressed wood residue, primarily made from 
sawdust, shavings and fines that are by-products of the wood processing industry (BERC 
2007; Dunsford 2006). The greatest advantage for biomass fuels is that they cost, on the 
average 25-50% less than fossil heating fuels and are more stable in price. Furthermore, 
it is unlikely that biofuels will be unduly taxed in a carbon tax based economy (BERC 
2007). 
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Although wood pellet heating technology remains in its infancy in North America, the 
technology is well established in European countries such as Austria, Finland, Germany, 
Sweden and the United Kingdom. Pellet fuel technology in those countries is well 
developed and uses pellets that contribute close to zero net carbon dioxide emissions 
when obtained from sustainable sources. 
Wood pellets are a suitable form of energy (Biomass Energy Resource Center 2007) 
because they are: 
• Convenient, easy to use, and can be bulk stored in less space than other biomass 
fuels 
• high in energy content and the technology is highly efficient compared to other 
biomass fuels 
• a clean-burning renewable fuel source 
• produced from such waste materials as forestry residues and sawdust 
• price stable compared to fossil fuels 
The producers of wood pellets in Canada are represented by the Wood Pellet Association 
of Canada. Pellet fuel producers in the United States are represented by the Pellet Fuels 
Institute. The production method of wood pellets has been described in earlier research 
by Dunsford (2006). According to Swaan (2006), the typical Canadian pellets have the 
characteristics described in Figure 5. 
Figure 5: Canadian Wood PeUet Specifications (Swaan 2005) 
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Pellet density is approximately ten times more than that for wood chips. This has 
positive implications on transportation, storage and combustion for pellets. The caloric 
value of wood pellets is on the order of 17-18 gigajoules (GJ)/metric tonne vs. 47-48 
GJ/metric tonne for natural gas (Swaan 2005). Estcourt (2006) found that wood pellets 
had a heating value of 19 GJ/tonne but those pellets were produced in New Zealand so 
it ' s understandable that the energy content can vary from country to country depending 
on what wood species is used in the pellet. 
Wood pellets contain slightly more energy than bark residues when combusted but 
contain substantially less energy than woody hydrolysis residues from ethanol production 
as shown in Figure 6. 
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Figure 6: Energy Content of Wood Pellets vs. Pellets from Other Sources (Wiinikka and Gebart 
2005) 
Pellets have also been studied to determine their affinity for moisture. Hartley and Wood 
(2008) determined that between humidities of 0-80%, pellets swelled on the basis of a 
regression described as follows : 
• S = 0.0032HI.81 , R2 = 0.972 where S = Swelling and H = Humidity 
6 
There are currently no worldwide standards for pellet characteristics. Some of the more 
common pellet standardization systems are as follows (SEI 2008): 
• Austria: 
• Sweden: 
• Germany: 
• US and Canada: 
ONORMM1735 
SS 187120 and SS 187121 
DIN51731 
Premium Grade 
The primary uses of wood pellets are for generating energy and heating for the following 
scale applications: 
• Large scale district energy/heating systems (co-generation) 
• Medium sized district heating/energy systems 
• Small scale district heating systems for residential buildings in high and medium 
density housing 
• Central heating systems for single houses 
• Chimney ovens and stoves 
The most common use of wood pellets is in residential stoves. Large scale (> 3 MW) 
institutional use is not widely used in North America but has been explored and utilized 
in Europe for some time. For example, 11% of the annual energy consumption in 
Finland is attributable to renewable biomass (wood) heating. In Austria, the number of 
new residential systems increased from less than 1,500 in 1986 to over 40,000 in 2001. 
The residential figures are now increasing at a rate of 15-20% per year, the majority of 
systems being small scale, pellet-fired appliances (Centre for Sustainable Energy 2003). 
1.1 Study Objectives / Importance of Study 
There is sparse information on the effect of utilizing large scale (> 1 0 MW) wood pellet 
burning institutional boiler systems in North America. A study in this area could lead to 
a more widespread understanding of the costs and benefits of such a system. 
7 
This study may lead to a better understanding of the aspects that must be considered in 
the planning, design and costing of "green" bioenergy projects. 
UNBC announced in the fall of 2007 that it had branded itself as Canada's Green 
University. As part of that announcement, six green objectives I projects were unveiled 
(UNBC 2007; Appendix III). One of the six green objectives was to: "Explore wood 
and other energy sources for the campus" and installing pellet-fired boilers, for example, 
could enable UNBC to become the first university and possibly the largest university in 
Canada to be heated with biomass. 
The purpose of this study was to determine the economic feasibility of using wood pellets 
as a heat energy source at UNBC. The objectives of this study were the following: 
1) To build upon other information from UNBC research 
2) Characterization of current and future heat energy use at UNBC's Prince George 
campus. 
3) Selecting the appropriate institutionally sized wood pellet boiler system for 
UNBC' s needs 
4) Estimating the costs for undertaking such a project at UNBC 
5) Estimating the breakeven point for undertaking such a project 
6) Providing a final recommendation for whether or not to actually undertake such a 
project at UNBC 
1.2 Research Scope 
This project examined a potential project at the main UNBC campus. One reason was 
that UNBC is ideally situated to take advantage of alternative energy projects. It was not 
only a university with technical expertise in wood products utilization, but was also 
located in the area of the BC mountain pine beetle epidemic as shown in Figure 7. 
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Figure 7: Mountain Pine Beetle Area of Devastation in relation to Bioenergy Utilization Sites (BC 
MEMPR2006) 
The increase in the annual allowable cut (AAC) within the forest management regions 
affected by the mountain pine beetle will ensure that the raw material for wood pellets 
(sawdust) will likely remain plentiful and low cost for at least the next ten to fifteen 
years. In fact, general wood pellet usage both inside and outside of North America has 
been increasing and is projected to continue to increase based on the data in Figure 8. 
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Figure 8: Wood Pellet Consumption in North America (Swaan 2006) 
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Furthermore, advances in wood fired boiler technology (Figure 9) have led to much 
greater efficiency rates such that a project of this nature could potentially be feasible 
from an energy conversion point of view. 
Efficiency factor of a wood-fired boiler 
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Figure 9: Efficiency Improvements in Wood Fired Boilers (McCarthy 2002) 
1.3 Hypothesis 
I 
98 
The essential question is whether or not a wood pellet fired boiler system could viably 
supplement the existing natural gas fired boilers at the UNBC power plant (as shown in 
Figure 1 0). Furthermore, what would be the financial hurdle for approving such a 
project? 
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Figure 10: Connecting a Biomass Boiler System to Existing Heating Systems (Unterpertinger 2000). 
UNBC example would involve only one existing heating plant. 
Also, this project was topical since the city of Prince George was also considering a 
wood fired heating plant for heating city buildings. The cost for this plant was estimated 
to be $5 million and was reported to release the same amount of particulate matter as that 
which was released by the city's lawnmower fleet while at the same time reducing 
natural gas consumption by about 98,000 GJ each year (CBC 2008; City of Prince 
George 2008). 
Furthermore, the city of Vaxjo, Sweden and the surrounding district of Kronberg used 
66% bioenergy for their district heating requirements and have refrained from using 
fossil fuels since 1996 (Reed 2008). 
II 
Chapter 2 
METHODOLOGY 
2.1 Methodology 
This paper focused on several key areas in achieving its intended objective of providing a 
"yes" or "no" recommendation for installation of a campus sized pellet boiler system. In 
summary they were: 
• Literature search on relevant topics related to wood fired biomass energy plants 
• Examination of possible funding sources 
• Characterization of current and future energy use at UNBC (Prince George 
campus) 
• Long term projection (25-30 years) of cost of pellets and natural gas 
• Recommendations for selection of an appropriate institutional wood pellet boiler 
system 
• Transportation issues for delivering pellets and removing waste ash 
• Pollution I disposal concerns regarding flue gases and particulates from 
combustion of wood pellets 
• Cost estimation I modeling for installing and operating a base load wood pellet 
boiler system 
In order to collect information necessary for definition and cost estimation of the project, 
interviews were conducted with key members of the UNBC and BC business community. 
A list of questions was created to collect information required for the project (Appendix 
V). 
2.1.1 Literature Search 
A literature search of articles in the areas listed above was conducted. In addition to the 
standard literature search, the author also signed up with Google Alerts 
(www.google.com/alerts) using the search string "wood pellets" to be informed on a 
daily basis (via email) of any information pertaining to the subject matter. Google Alerts 
provides information on media releases which can be useful but also provides 
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information that exists on blog sites which were often not useful for the study. This 
service was utilized for a three month period from December 5, 2007 to March 5, 2008. 
2.1.2 Examination of Potential Funding Sources 
With the realization that UNBC was not a commercial business venture, it was 
recognized that there would be funding sources that could potentially be available to the 
university which commercial businesses would not have access to. The potential funding 
could have an impact on making a decision to engage in a pellet boiler project and would 
offset costs normally incurred by the university. 
A web search of both provincial and federal funding sources was conducted. In addition, 
Michael Kerr, Industrial Technology Advisor - IRAP I NRCC, was interviewed to ensure 
that the majority of programs that UNBC could qualify for would be obtained. 
The author also attended the Globe 2008 conference (www.globe2008.ca), which is a 
major international conference including plenaries and a tradeshow on the global 
environment industry. 
2.1.3 Characterization of Energy Usage at UNBC 
In order to determine the current energy usage, future energy usage and energy costs for 
the UNBC Prince George campus, the following people were interviewed: 
• Doug Carter, UNBC Chief Engineer 
• William Chew, UNBC Treasury Services Manager 
• Godfrey Medhurst, UNBC Director of Capital Projects 
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2.1.4 Long Term Cost Projections for Pellets and Natural Gas 
In order to determine current and future cost projections for wood pellets an interview 
with John Swaan, Executive Director of the Wood Pellet Association of Canada was 
attempted. Unfortunately, due to scheduling conflicts no meeting could be scheduled. 
Therefore, to determine the current and ongoing costs of natural gas and wood pellets, the 
Consumer Price Index was substituted. The typical past values are shown in Figure 11. 
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Figure 11: Month over Month Changes in the Canadian Consumer Price Index (Statistics Canada 
2008) 
The author elected to choose 2.0 % as the inflationary rate to be used for future costs and 
an additional 2.0 % for fuel inflation. 
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2.1.5 Selection of Appropriate Institutional Wood Pellet Boiler System 
In order to arrive at costing and selection of an appropriately sized wood pellet system 
for UNBC, an interview was conducted with Doug Carter, UNBC Chief Engineer. Mr. 
Carter supplied information that was advertised by UNBC in the form of a Request for 
Expressions of Interest - Campus Bioenergy Program call (Appendix II). In addition, it 
was apparent that a research proposal to assess the feasibility of using wood pellet 
biomass energy for heating the I.K. Barber Enhanced Forestry Laboratory (Appendix IV) 
was also being developed by UNBC. This facility has a much smaller heat energy 
requirement - on the order of 1-2 MW versus the 5-20 MW energy requirements for 
annually operating a campus heat energy plant. 
2.1.6 Transportation Costs 
Costs related to transporting the wood pellets to the UNBC Prince George campus and 
removing the wood ash residue were directed to: 
• Doug Carter, UNBC Chief Engineer 
• John Swaan, Executive Director, Wood Pellet Association of Canada 
2.1. 7 Pollution and Disposal Concerns 
Early in the development of this study, the use of a wood pellet burning boiler could lead 
to both increased pollution was a concern as well as the cost of disposing of the ash 
produced from wood combustion. These questions were directed to: 
• Doug Carter, ChiefEngineer, UNBC 
• Sam Ahad, Renewgen Systems, Coquitlam, BC 
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2.1.8 Other Study Participants 
Other participants in the study were interviewed on the basis of their background and 
how it might relate to the overall objectives of the study. The following people were 
included in that list: 
• Alan Comford, Research Partnerships I Services Manager, UNBC 
• Albie Thompson, Forest Engineering Research Institute of Canada (FERIC) 
2.1.9 Cost Estimation I Modeling 
To calculate the overall current and future cost of a potential project at UNBC an online 
cost estimation software from Natural Resources Canada called Renewable Energy 
Transfer Screen 4.0 was used. RETScreen was a highly successful software tool 
developed by Natural Resources Canada to help project managers assess the viability of 
clean energy projects. RETScreen is utilized worldwide. As of April 2, 2008, the users 
for this software were broken down accordingly: 
• Total users: 
• Countries using the software: 
• Universities actively using the software: 
147, 270 
222 
161 
For this study RETScreen version 4.0 was used together with the base template for 
biomass heating projects. The RETScreen software is also endorsed by other agencies 
such as the BioEnergy Resource Centre ofMassachusetts (BERC 2007). 
Once basic building heating information was generated with the basic sections of 
RETScreen, conventional financial analysis using Excel spreadsheets were conducted. 
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Chapter 3 
BACKGROUND 
3.1 General Information on Bioenergy and Wood Bioenergy Systems 
3.1.1 Useful Guides for Bioenergy Projects 
Information on bioenergy systems is plentiful and several publications provided general 
guidelines for collecting information for a feasibility study of this nature: 
• An Information Guide on Pursuing Biomass Energy Opportunities and 
Technologies in British Columbia 
(www.energyplan.gov.bc.ca/bioenergy/PDF/BioenergyinfoGuide.pdf) 
• Community Energy Association Renewable Energy Guide: Heating our 
communities- A module of the Renewable Energy Guide for Local Governments 
in British Columbia 
(www.communityenergy.bc.ca/sites/default/files/CEA REG Heating Module re 
vised fin%20small.pdf) 
• The Canadian Renewable Energy Guide 1st Edition 
(www.newenergy.org/re guide.html) 
• Funding Your Community Energy and Climate Change Initiatives Guide- A 
guide to funding and resources for British Columbia local governments 
(www.communityenergy.bc.ca/sites/default/files/CEA%20Funding%20Guide.200 
8-Jan.pdf) 
• Endless Energy Project: A Blue Print for Complete Energy Self Sufficiency in 
British Columbia (www.globe-net.ca/documents/GLOBE EndlessEnReport.pdf) 
3.1.2 Bioenergy Options in relation to Wood Energy 
The term renewable energy is used in reference to several energy sources that produce 
electricity or thermal energy without depleting resources. Renewable energy sources 
generally include wind, solar, water, biomass and earth, and energy from waste. The term 
"green heat" refers to four renewable energy technologies that can be applied to space 
heating and cooling in residential and commercial buildings. These technologies include 
(Greenheat 2008): 
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• earth energy systems (ground-coupled heat pumps) 
• solar thermal water heaters 
• solar thermal air heaters 
• advanced biomass combustors 
3.1.3 Wood Pellet Production 
In 2007, 1. 7 million tonnes of pellets were produced in Canada with close to one million 
tonnes coming from BC (MEMPR 2008). Pellet production in BC has increased quite 
dramatically over the years to the point, in 2005; four wood pellet producers in northern 
BC produced the same volume of pellet biomass as compared to all of Germany (BC 
Chamber of Commerce 2006). In fact, the BC wood pellet industry accounts for 
approximately 16% of the European Union market for bioenergy feedstocks. By 2007, 
the B.C. wood pellet industry collectively produced over 900,000 tonnes of wood pellets, 
of which 90% were exported to power production facilities overseas, mainly Sweden 
(MEMPR 2008). 
Commercial use of wood pellets for heat generation was still in its North American 
infancy as shown by its North American pellet production use categories (Swaan 2005): 
• 58% domestic residential heating 
• 35% foreign export 
• 6% pet litter and animal bedding 
• 1% commercial and industrial markets 
Swedish owned, Green Circle Bio Energy Inc (www.greencirclebio.com), was building 
the world's largest wood pellet plant in Cottondale, Florida at a cost of US$1 00 million. 
Pellets produced at this location were shipped to European power plants via the port at 
Panama City, Florida, 60 km away. Production at this plant was scheduled to reach 
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560,000 tons annually (Crane 2008). That is just over half of what the entire province of 
BC produces in one year through eight production facilities. 
Therefore, one can see that pellet producers in North America are essentially in business 
to serve the domestic residential market and European markets and that the domestic 
institutional pellet market is an incredibly small part of their business. 
3.1.4 Components of a Pellet Burning Combustion System 
There are several components that comprise a pellet burning heating system (BERC 
2007): 
• Combustion chamber/fire door- the boiler 
• Combustion fan - to aerate the burning pellets 
• Primary controls - usually electronic 
• Fuel storage silo- sized as described below 
• Fuel hopper & feed system- immediately prior to the boiler; essentially a mini-
hopper and delivery system 
• Exhaust duct - conducts combustion gases to the chimney 
• Chimney - height to be determined by system and local, provincial or federal 
codes 
• Plumbing connections - to connect the boiler to the facilities hot water heat 
distribution system 
Optional components for a pellet burning system which are often very desirable include: 
• Ash removal system 
• Automatic soot-cleaning system 
Some of the aforementioned system components are shown in Figure 12. 
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Figure 12: General Components of a Wood Pellet Biomass Combustion System (BERC 2007) 
3.1.5 Sizing the Wood Pellet Biomass System to the End User 
Different factors are used to size commercial pellet burning systems. If the system is 
used to provide all the heat required by the buildings then the system should be sized 
according to the peak heat load requirements of the buildings (BERC 2007). If the pellet 
system is being used in conjunction with an existing heating system, such as was the case 
for this study, then the pellet boiler should be sized according to the base load heating 
demand (Doug Carter 2008). Base load heating requirement for the UNBC campus is 
quoted later in the paper but is based on 2007 heat energy usage as that is the only year 
for which no new buildings were constructed so the total annual heat demand is 
representative for the entire facility. 
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When determining the size of a pellet storage system two rules of thumb may be used 
(BERC 2007; Carter 2008): 
• Sized 1.5 times the delivery capacity of the fuel supply truck or 
• Sized on the basis of how many days of reserve fuel you want to have on hand 
3.1.6 Conversion Costs for Converting/rom other Fuel Types 
Other commercial sites and institutes world-wide have been technically and economically 
successful in retrofitting existing heating plants for wood pellet combustion (Estcourt 
2006). Many of these retrofits are for small scale (<1MW) systems that bum coal or oil. 
In New Zealand, the total cost of converting a 200kW coal fired heating plant to a wood 
pellet heating plant merely required the redesign of the existing system such that pellets 
could be efficiently burned in the existing furnace. The cost of the retrofit ($9,990) 
included: 
• fire grate design ($500) 
• grate construction I installation ($1500) 
• wood pellet bunker ($3500) 
• wood pellet auger ($1574) 
• electrical work ($1506) 
• general engineering work ($141 0) 
That system was a small one and therefore the costs are not comparable to a UNBC sized 
system. 
3.1.7 Characterization of Energy Usage/System at UNBC 
The heating plant on the UNBC Prince George campus was originally designed to be a 
cogeneration plant producing hot water heat, cooling and electricity to the core campus 
buildings. The plant was partially redesigned in 1993 (phase I) eliminating the 
cogeneration power producing equipment. An additional boiler was added at that time to 
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increase the heating capacity of the plant because of the loss of the heat source from the 
power generation equipment which was not economically viable in 1993 (Appendix II). 
In 2006, the phase II expansion of the plant was completed. The adsorption chiller was 
removed and two 850 ton centrifugal chillers were installed. An additional 20 million 
BTU (MBTU) boiler was installed at that time as well. All of the space in the current 
plant buildings was then being utilized. Therefore, any addition of an alternative energy 
heat energy plant would require the construction of a separate facility that would then be 
networked into the existing plant. 
The phase II expansion was designed to allow for future expansion of heating and 
cooling capacities by adding additional equipment. If the building was expanded, 
equipment could be piped into the main systems easily. The building was designed so 
that additional heating capacity could come from alternate heat sources other than the 
dual fuel natural gas/diesel boilers that are currently being used. 
The plant now has three 20 MBTU boilers and one 6 MBTU boiler for heating (66 
MBTUs total). All of these units have dual fuel Weishaupt burners. These boilers 
operate at 75 lbs pressure and 230 °F. The boilers are all dual fuel and can operate on 
either natural gas or diesel (light oil). There are two 50,000 litre double wall under 
ground diesel tanks on the south side of the plant building. 
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All equipment installed in the primary heating loop must be designed for 125 lbs pressure 
and 240 °F. There are two 850 ton centrifugal chillers for building cooling. This 
equipment supports all of the core campus buildings built within the confines of the 
UNBC Ring Road. 
The two residences, the Enhanced Forestry Lab, daycare, maintenance shop and Northern 
Sports Centre are stand alone buildings with their own heating systems, as they are all 
located outside the Ring Road. 
Base summer heating load is less than 1 0 MBTU and the peak winter load is currently 40 
MBTU. Plant boiler natural gas monthly consumption varied between 4,416 GJ in 
summer 2007 and 10,881 GJ in winter 2007. The plant boilers consumed 83,983 GJ of 
natural gas in 2007. 
3.2 Potential Funding Sources 
Grants for projects of this nature are typically given to projects that demonstrate 
(BIOCAP 2008): 
• new technologies that are not yet commercial in Canada, or 
• existing technology in a new application or context, or 
• use of technologies by communities that enjoy access to targeted funding 
programs 
Typically funding for capital project would be derived from four key sources: 
• bank loans 
• investment funds 
• renewable energy companies 
• community ownership 
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For a pellet burning heating system project at UNBC, it is unlikely that the university 
would seek bank financing directly (Chew 2008). It is much more likely that the 
university would seek grant money from federal or provincial governments directly or 
from the granting organizations listed in Tables 1 and 2. 
Michael Kerr, Industrial Technology Advisor - IRAP I NRCC, indicated that Table 1 
funding sources would be good sources to apply for but that for budgeting purposes none 
of them could be assumed to be assured. 
Table 1: Federal Fundin2 Sources (adapted from BIOCAP 2008) 
Funding source Website Amount 
(millions) 
Sustainable Development www.sdtc.ca $550 (SD Tech 
Technology Canada (SDTC) fund) 
$500 (NextGen 
Biofuels Fund 
Technology Early Action www.team.gc.ca $1159 (from 
Measures (TEAM) (program ends March 31 , 2008) 1998-2008) 
Canadian Biomass Innovation www.cbin.gc.ca Project 
Network (CBIN) dependent 
Natural Resources Canada' s htm ://www2 .nrcan. gc.ca/ES/OERD/ $230 
ecoENERGY Technology English/View.asQ?x= 1603 
Initiative 
Western Economic www.wd.gc.ca Project 
Diversification (WED) dependent 
Northern Development www.nditrust.ca Project 
Initiative Trust dependent 
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Table 2 contains provincial funding sources and other possible non governmental funding 
sources that a UNBC wood biomass energy project might be able to access. 
Table 2: Provincial Funding Sources (adapted from BIOCAP 2008) 
Funding Source Website Amount 
(millions) 
Innovative Clean Energy www.gov.bc.ca/emQr/QOQt/innovative cle $25 
Fund an energy fund.html 
BC Hydro www. bchydro.com/news/2007 /mar/releas Project 
e51407 .html dependent 
www. bchydro.com/2007/bioenergy 
Encana Environmental www.encana.com/reSQOnsibilitv/eif/index. Project 
Innovation Fund htm dependent 
Suncor Energy www.suncor.com/default.asQx?ID=2979 Project 
Foundation dependent 
Vancouver Foundation www. vancouverfoundation. bc.ca Project 
dependent 
Bullit Foundation www.bullitt.org Project 
dependent 
Endswell Foundation www.endswell.org Project 
dependent 
BC BioEnergy Network www. energvolan.gov. bc.calbioenergy $25 million 
Other potential income and incentives for a project of this nature could come from 
emissions credits. This area is still in its infancy both in Canada and BC, although BC 
has just introduced it's first carbon tax 
(www.sbr.gov.bc.ca/documents librarv/notices/British Columbia Carbon Tax.Qdf) 
where presumably it will be more tax effective for businesses and public entities to use 
non-fossil fuels to power their establishments as they would then avoid this new tax. At 
this point it is still difficult to determine the exact effect the tax will have on the cost of 
fossil fuels but this factor should be considered if going ahead with a full scale project 
assessment. 
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Federally, accelerated write-offs can also be used under class 43.1, schedule II of the 
federal income tax act. Biomass energy equipment is usually fully written off within the 
first two years of operation under this application (BIOCAP 2008). 
3.3 Sources for Bioenergy Consultants 
One possible approach to such a large scale project at UNBC is to employ the services of 
a consultant who can not only help with the design of the pellet burning system, but who 
will also be able to more thoroughly research the boiler options as well as potential 
funding partners listed in Tables 1 and 2. Several organizations that have listings of 
consultants in the biomass energy sector are the following (BIOCAP 2008): 
• Strategis 
(http://strategis.ic.gc.ca/app/ccc/srch/cccBscSrch.do?lang=eng&prtl= l&app=l) 
• Environmental Expert (www.environmental-expert.com) 
• The Clean Energy Portal (www.cleanenergy.gc.ca) 
• FP Innovations (www.fpinnovations.ca) 
• Request for proposals sites: 
o Nationally through MERX (www.merx.com) 
o In BC though BC Bid (www.bcbid.gov.bc.ca) 
3.4 Long Term Cost Projections for Pellets and Natural Gas 
The benefit of wood pellet combustion is that they bum cleanly, produce little ash and 
can easily be metered into a combustion chamber. However, since pellets have become 
an international commodity it is harder to predict prices into the future. Pulp and paper 
mills and straight use biomass power plants use the same raw material that is used to 
produce pellets (Turkel 2008). There are several pulp mills in BC on Vancouver Island 
that are capable of using sawdust in the pulp production process (McWhannel2008). 
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The above factors coupled with the US housing slump has led to an increase in sawdust 
prices from about US $25/ton to US $1 00/ton, in some markets. Other uses for sawdust 
include bedding for horses and chickens, particle board and composite auto parts which 
are "wood flour" blended with plastic to form polymers used in the construction of 
lightweight material to cover steering wheels and dashboards. The US Pacific Northwest 
alone is expected to experience a decline in lumber production of almost 3 billion board 
feet over 2006 production figures . That reduction translates into a shortfall of 1.5 million 
tons of sawdust and shavings (Millman 2008). 
On the other hand, North American pellet pnces could be driven down by the 
construction of large scale pellet plants such as the world ' s largest being completed in 
Florida by Green Circle Energy. This plant will process 120 truckloads of pine logs per 
day and will produce 20 railcars of pellets per day with a total annual production of 
560,000 tons (Kotrba 2008). Two more giant plants are also under construction in 
Alabama and Georgia. The plant in Georgia is being planned for 600,000 tons of pellet 
production annually (Alternative Energy 2008). A 100,000 ton/year plant is currently 
operating in Schuyler, New York (Kram 2008). 
Wood pellets can be used at a 10% ratio m coal fired power plants without any 
modifications to the power plant in an effort to reduce their carbon emissions (Dyson 
2008). With carbon taxes looming large on the horizon, there will likely be many coal 
fired plants looking at the option of co-firing with wood pellets in order to take advantage 
of carbon tax savings and increased pellet availability in the United States. 
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According to David Layzell, CEO of BIOCAP, a subsidy of $4 I GJ of energy produced 
would allow solid biofuels to be competitive with coal for energy generation in Ontario 
(Castaldo 2008). Therefore, it appears that without a subsidy wood pellets are unlikely to 
be immediately competitive even with coal in many areas of Canada. 
Natural gas is currently the fuel being used in the UNBC power plant. Natural gas prices 
are traded as a commodity and therefore are affected by the commodities market price 
fluctuations. Furthermore, for natural gas, the market is North American and not just 
Canadian. Natural occurrences such as unseasonably cold temperatures and hurricanes 
can have dramatic short term effects on natural gas prices as shown in Figure 13. 
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Figure 13: Natural Occurrence Effect on Natural Gas Prices (NEB 2008) 
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3.5 Permit and License Considerations 
The following is a list of permits or licenses that could apply to a UNBC biomass energy 
system (BIOCAP 2008): 
• Business license: For this study, this would not be a factor as UNBC is already 
and ongoing entity 
• Environmental Assessment Certificate: For this study, this would not be required 
since this is a heat-only application. 
• Federal environment assessment: For this study, this would automatically be 
required if any funding was obtained from the federal ecoEnergy program. 
• Environmental Management Act permit: 
o Water use license or approval: covers the use of water for cooling 
purposes. For this study, the main power plant has already been approved 
for this purpose so it is unlikely that additional licensing would be 
required. 
• Construction I siting permit: other sub permits are included in this category, 
• Structural building permit: this would apply to the building housing the wood 
pellet boiler system 
• Road permit: this could apply if B trainloads of pellets are delivered by accessing 
the UNBC ring road 
• Traffic study: this would likely be conducted by UNBC staff since traffic would 
be impacted directly on campus but the city of Prince George may also require a 
study ofhow the B trainloads of pellets were affecting traffic in the city itself 
• Storm water permit: UNBC would already possess a permit for discharge and this 
new facility would be networked into an existing facility so it would be unlikely 
that another permit would be required. 
• Land use permit: again UNBC already has this so this would not be required for 
this study 
• Biomass storage license: this likely would need to be applied for since substantial 
amounts of pellets would need to be stored in silos and/or bunkers 
• Noise permit: considering that the facility would need to be housed in an 
outbuilding connected to the UNBC power plant, it would be unlikely that a new 
permit would need to be obtained. 
• Fire safety permit: this permit would need to be obtained due to the flammable 
nature of the pellet storage and burning system. 
• Electrical permits: to connect the new biomass boiler system controls and power 
systems to the UNBC grid 
• Licensed operator: since UNBC already has a Chief Engineer together with a 
team of Power Engineers, this requirement is already in place 
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3.6 Selection of Appropriate Institutional Wood Pellet Boiler System 
When attempting to select an appropriate wood pellet boiler system for UNBC one must 
first consider the maximum size of the unit required. In general the cost of the system 
can be roughly estimated based on the data given in Figure 14 (note that costs are in 
Euros). 
€/kW Investment costs per kW boiler capacity according to size 
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Figure 14: Biomass Boiler Investment Costs in relation to the Boiler Output (McCarthy 2002) 
Based on this information there does appear to be economy of scale, such that the larger 
the system the smaller cost per unit energy produced. 
Based on data supplied by the UNBC Chief Engineer (Appendix II), a 20 MW system 
would be required to replace the existing natural gas system and only a 5 MW system 
would be required to meet base load heating demands. A challenge therefore when 
searching for this equipment online is that many of the references discovered are for 
domestic systems or very small scale commercial systems (Hansen et al 2006). The 
author has attempted to list only compames that provide larger scale 
industrial/institutional systems in Table 3. 
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Table 3· Wood PeUet Boiler Manufacturers 
Company Website Location 
Advanced Biotechnology www .abtinc.ca Alberta 
Inc. 
Aecometric Corporation www.aecometric.com Ontario 
AE&E - Von Roll, Inc. www.aee-vonroll.com ~orcross, Cieorgia 
JosefB&DER www.binder-gmbh.at Austria 
Machinenbau u. 
Handlesges.m.b.H 
Biotech CimbH www.Qelletsworld.com Austria 
English Boiler and Tube www.englishboiler.com Richmond, Virginia 
Inc. 
CJILLES Energie - und www.gilles.at Austria 
Umweltechnik CimbH 
Holz und Sonne www.holzundsonne.de Ciermany 
Hurst Boiler and Welding www.hurstboiler.com Coolidge, Cieorgia 
Co. Inc. 
Inproheat Industries Ltd. www. inQroheat.com British Columbia 
KMW Systems Inc. www.kmwenergy.com Ontario, Canada 
Maw era www .mawera.ca British Columbia 
Messersmith Industrial www.burnchiQs.com Bark River, Minnesota 
Combustion Systems 
PO~AST spol. s.r.o. www.Qonast.cz Czech Republic 
Thermia Pellets Systems www.thermia.com/default.aso Sweden 
For smaller systems, such as the one that could be utilized in the ~BC Enhanced 
Forestry Lab (Appendix IV), modular systems are available such as the one shown in 
Figure 15. 
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Figure 15: Modular pellet heating unit for space and hot water heating applications (BIOCAP 2008) 
However, the system required for the purposes of this paper, will be a much larger 
system (on the order of 5-20 MW), require integration into the already constructed 
natural gas fired system and require engineering to properly network the two systems 
together. The technical knowledge for a project of this size doesn't exist at UNBC so an 
overall consulting firm with expertise in wood fired bioenergy systems would be 
beneficial. Table 4 contains a listing of companies qualified in this area. 
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Table 4: c anadian and U s Enl!;ineerinl!: Firms workinl!: with Wood Fired Ener~n Systems 
Company Website Province I State 
AFS Energy Systems www.afsenergy.com Pennsylvania 
Apsco Engineering www.aQscoeng.com Alberta 
Ltd. 
Arctic Green Energy www.arctice:reenenere:v.com Northwest Territories 
Biomass Combustion www. biomasscombustion.com Massachusetts 
Systems Inc. 
BFI Boilers www.falmecboiler.com Quebec 
Bridgestone www.brdgstn.com Pennsylvania 
Associates Ltd. 
Combustion Expert www .combustionexQert.corn/ en/welcome. as Quebec 
Inc. QK 
Detroit Stoker www .detroitstoker.com Michigan 
Company 
Energy Products of www.energyQroducts.com Ohio 
Ohio (EPO) 
EnerWaste www .enerwaste.com New York 
International 
Corporation (EWI)_ 
Holinger AG www.holine:er.com Switzerland 
KMW www.kmwenergy.com Ontario 
McBurney www.mcbumev.com Georgia 
SGA Energy Ltd. www.sgaenergv.com Ontario 
Sandwell International www.sandwell.com British Columbia 
Solagen www .solae:eninc.com Oregon 
Teaford Canada Inc. www.teafordco.com British Columbia 
VAPO h!ill :/ /www. vaQo.fi/eng/vaQO heat QOWer/ Finland 
?id=718 
Vision Power 
0 0 
Austria WWW. VlSlOnQOWer. eu 
Innovative Energy 
Solutions GmbH 
To canvass more broadly for possible suitable wood pellet systems or engineering firms, 
one could also consult the following resources: 
• The Clean Energy Portal (www.cleanenergy.gc.ca) 
• The Canadian Importers Database (on Strategis website) 
(ht!Q: //www .ic.gc.caleQic/site/cid-dic.nsf/en/home) 
• Global Spec (www.globalsQec.com) 
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3. 7 Transportation and Storage Costs 
Ideally the distance between the project and the wood pellet production facility should be 
no more than 75 km. The actual cost paid per tonne for bulk wood pellets includes a 
delivery charge that would make wood pellets less cost effective as delivery distance and 
delivery charge increases (BERC 2007). Most pellet producers in northern BC are not 
set-up for bulk shipments to local industrial users except for Pinnacle Pellet in Quesnel 
which ships pellets in bulk to the Vancouver area for use in greenhouse operations (Ahad 
2008; Carter 2008). 
Wood pellets are typically packaged in 40 lb bags for residential use, one tonne "jumbo" 
bags for small commercial applications and loose for bulk transport to large scale 
industrial/commercial applications. Of all the biofuels, wood pellets are the safest and 
most easily transportable form (BIOCAP 2008). In the case of UNBC, the last option 
would be the preferred option as the demand for pellets is high and the cost becomes 
progressively more with the bagged versions of pellets. The siting of the silos would also 
need to be planned as the footprint next to the existing UNBC power plant is somewhat 
limited. 
3.8 Pollution and Disposal Concerns 
3.8.1 Emissions 
Overall, Canada and BC need to be concerned with ever increasing greenhouse gas 
emissions as shown in Figure 16. 
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Figure 16: Canada's Greenhouse Gas Emissions, Policies and Targets (Jaccard and Rivers 2007) 
If UNBC decided to install a woody biomass heat generation system they could assist 
Canada in overall reductions in greenhouse gases. Under the Kyoto Protocol, Canada 
must reduce its GHG emissions by approx 250 MT by 2012. Greater reliance on 
"greenheat" technologies in commercial and residential space & water conditioning 
applications could reduce these emissions by up to 84 MT (Greenheat 2008). 
Furthermore, under the Kyoto protocol, the use of biomass from a carbon neutral source 
such as wood, gives the carbon credit to the end user and not the producer (BC Chamber 
of Commerce 2006). When whatever credit system BC and/or Canada uses is more 
accurately defined this could be another benefit to UNBC in the development of a 
campus wide wood pellet boiler biomass energy system. In fact, a report showed that 
biomass pellets offer a more cost effective way for government incentives to reduce 
greenhouse gas emissions in Ontario when compared to other renewable energy 
incentives in the province. The proposed solid biofuels incentive would outperform not 
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only existing incentives for other types of bioenergy, but also those for wind and solar 
power (Samson et al 2008). 
In general, wood pellets bum very cleanly since there are no additives used when 
compressing the wet sawdust into pellets under the high temperature and pressure system 
(BERC 2007; Bradley 2006). Compare wood pellet boilers to other fuel boilers in Figure 
17. Keep in mind that these figures are for small scale pellet combustors from a 
European study. 
Annual emissions taking the entire life cycle 
into consideration 
250~-----------------------------------------, 
Annual Emmissions in kg !C02 in tonnes) 
200 
150 
100 
50 
0 
Heating oil Natural gas Pellets 
Figure 17: Emissions from Pellet Boilers vs. Other Fuel Boilers (McCarthy 2002) 
502 
Dust 
There are no independent emissions tests performed in North America on commercial or 
institutional scale wood pellet boilers. Data from smaller scale installations is available 
and is represented in Figure 18. 
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Figure 18: Emissions from Various Fueled Boilers (BERC 2007) 
• Natural Gas Boiler 
• Wood Chip Boiler 
• Oil Boiler 
o Propane Boiler 
Burning wood pellets therefore is better than wood chips in comparison to burning fossil 
fuels such as natural gas results in a net reduction of C02 emissions (BERC 2007). 
Fixed bed combustion studies of burning wood pellets and measuring their emissions 
have also been performed (Wiinikka and Gebart 2005). Findings indicated that the fuel 
type affected particle emissions more than changes in the reactor/boiler operating 
parameters. 
C02 and CO emissions were also studied by Kjallstrand and Olsson (2004) on smaller 
scale residential wood pellet systems. Their emissions results are shown in Figure 19. 
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Figure 19: C02 and CO Chimney Emissions from Word Burning Devices (KjiiUstand and Olsson 
2004) 
Furthermore, the city of Prince George has established an Air Quality Management Plan 
which could have an impact on whether or not a wood pellet burning system would be 
allowed at UNBC (Prince George Air Quality Implementation Committee 2004 ). Some 
factors that are of importance in the AIQIC 2004 report are the aims to reduce particulate 
matter less than 10 )lg/m3 (PM10) and particulate matter less than 2.5 )lg/m
3 (PM2.5). 
Recommendations numbers 12-14, in the report, deal with wood burning appliances and 
recommendation 12 could theoretically have implications for a UNBC wood burning 
bioenergy program: 
• #12 - The City promotes minimization of the use of wood burning appliances 
within the city. 
• #19 would also apply to this project - MWLAP evaluates the acceptability of new 
sources of air contaminants, especially PM10, TRS, S02 and NOx, based on the 
"use of the lowest possible discharge rates" 
• #21 - MWLAP requires owners of the most significant fine particle sources to 
provide plans for temporarily reducing emissions during air quality advisories 
It should be noted however, that the previous compliance system and also the Prince 
George Clean Air Bylaw (2001) do not need to be considered in this paper since pellet 
stoves and gas fired fireplaces have been exempted from compliance under this bylaw. 
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Presumably, UNBC would have to meet federal, provincial, regional and municipal 
emissions standards. Ahad (2008) indicated that since UNBC is not in the "bowl", it 
would not be under the city regulations. Carter (2008) indicated that the provincial 
standard for PM10 release is 100 ppm but that Metro Vancouver has expressed interest in 
reaching a target of 25 ppm for PM10 release. Carter (2008) also indicated that since 
UNBC is being promoted as the Green University™, that we would be seeking to 
achieve this more stringent standard for any new projects on campus. BC Hydro (2008) 
indicates that for projects under 50 MW, no Environmental Assessment Certificate will 
be required. To achieve a "clean" distinction however, each facility would have to be 
EcoLogo certified or would require a letter of designation from the BC Ministry of 
Energy, Mines and Petroleum Resources (BC Hydro 2008). 
Particulate emissions from combustion of natural gas produce less than 1 mg/MJ while 
high efficiency biomass boilers produce on the order of 5 mg/MJ. Sulphur dioxide 
emission levels for natural gas are also very low at typically less than 1 mg/MJ while for 
woody biomass the value is around 20 mg/MJ, while higher, is still substantially lower 
than for oil (140 mg/MJ) or coal (900 mg/MJ) (Biomass Energy Centre 2008). 
Direct combustion systems such as the one being considered in this study have higher 
dust emissions than a wood gasification system. Therefore a system needs to be 
employed to remove the dust. Cyclone separators are generally only useful for small 
systems (<1 MW) and have a low removal efficiency (50-87%). For larger plant sizes 
(> 10 MW) there are two systems to choose from: electrostatic precipitators and 
electrostatic gravel filters. The first system removes 90-99.5% of dust while the second 
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removes 80-99%. Based on the fact that UNBC has branded itself as the Green 
University™, the author is making the assumption that the electrostatic precipitator 
would be the system of choice for this application (BIOCAP 2008). 
3.8.2 Chimney I Stack Height 
Chimney or stack height will be determined on the basis of the actual site location of the 
wood boiler system I plant. Such a determination is beyond the scope of this study but 
considerations would include factors such as land topography, wind movement patterns 
and neighbouring buildings. The chimney should be tall enough to disperse the exhaust 
gases into the prevailing winds (BERC 2007). 
In addition, an emissions testing program will need to be set up to determine the actual 
amount of particulates and gases that are escaping from the stack in relation to ambient 
levels. 
3.8.3 Disposal Concerns 
The wood pellet ash generated from a UNBC pellet combustion system could be 
disposed of at any landfill or solid waste management facility (BERC 2007). The ash 
waste could be utilized as compost or also as filler in pet food products (Cornford 2008). 
The concern with compost material is that a long term arrangement would have to be 
made with a local farmer or rancher, to deliver the ash on a regular basis to be spread and 
incorporated into the fields. The ash would also need to be tested to ensure that it was 
safe for application on a field. 
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In the case of pet food incorporation, this would not be an option in Prince George since 
there are no pet food manufacturing facilities in the region which would therefore 
necessitate transporting the material to a major centre like Edmonton or Vancouver at 
substantial transport I shipping cost. 
3.9 Cost Estimation I Modeling 
From a very general perspective, a decision on whether or not to proceed on a capital 
project such as this is based upon many variables. It is often useful to think of all the 
potential pitfalls when planning a capital project. These pitfalls include but are not 
limited to the following factors according to Nevitt (1983): 
• delays in completion leading to consequential increase in interest expense and/or 
delays in contemplated revenue flows 
• capital cost overruns 
• technical failure 
• financial failure of the contractor 
• government interference 
• uninsured casualty losses 
• increased price or shortages of raw materials 
• technical obsolescence of the plant 
• loss of competitive position in the marketplace 
• expropriation 
• poor management 
• overly optimistic appraisals of the value of the pledged security 
Furthermore, for many projects there are often good reasons for segregating their 
financing as project financing. These benefits according to Nevitt (1983) are: 
• credit sources and guarantees may be available which might not otherwise have 
been available 
• project fmancing might enjoy better credit terms and interest costs 
• higher leverage of debt to equity may be achieved 
• legal requirements might be met by the project but not by the sponsor 
• regulatory problems affecting the sponsor may be avoided 
• project may enable a public utility sponsor to achieve certain objectives regarding 
its rate base 
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• a more favourable labour contract or climate may be possible by separating the 
operation from other activities of the sponsor 
• construction financing costs may not be reflected in the sponsor's financial 
statements until such time as the project begins producing revenue 
Key questions to ask regarding the decision making process about which type of biomass 
system to select, are the following (BIOCAP 2008): 
• Which technology handles the fuel best? 
• Which technology completes the fuel combustion best? 
• Which technology is easiest to operate? 
• Which technology is the most robust? 
• How much capital can be raised for a project, and does this exclude any of the 
technologies? 
• Are personnel trained to operate the technology (numbers and qualifications)? 
• Is infrastructure in place to support the plant (power lines, rail or waterways for 
transportation of feedstocks and products)? 
For the purposes of this study, the first four questions are not considered since the study 
was to examine the feasibility of a wood pellet burning plant. The raising capital question 
was answered by both the UNBC Chief Engineer and the UNBC Treasury Agent, that a 
project of this nature would not proceed without complete funding by granting agencies 
and /or government participation (Carter 2008; Chew 2008). UNBC does not have the 
financial resources to undertake a project of this nature, on their own. 
Another way to look at the project is by using the Commission for Environmental 
Cooperation's Renewable Energy Project Development Guide for North America 
(www.ontario-sea.org/OSEApublications.php) which will give a good overview of the 
process of developing an energy project (BIOCAP 2008). The following steps 
recommended by BIOCAP (2008) are included and may not be sequential and can often 
overlap with one another: 
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• Developing a business idea 
• Consulting with community and other stakeholders 
• Setting up a company/community ownership structure 
• Conducting a fuel study 
• Developing a business plan 
• Selecting an appropriate technology and vendor 
• Arranging for financing 
• Arranging permits and licenses 
• Hiring and operating 
General overall costs of a biomass heating system can be estimated using the following 
information from a European study (Figure 20). The proposed UNBC system would fall 
within the local district category. 
EURO I kW Investment costs for biomass heating systems 
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Figure 20: Investment Costs for Biomass Heating Systems (McCarthy 2002) 
Nyboer at el (2006) studied power users via a survey and found that with certain 
subsidies biomass generated power would be considered by users to be competitive with 
hydroelectric power at the rate shown in Figure 21 . 
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Figure 21: Required Subsidy by Resource Type for making Alternate Power Sources Competitive 
with Conventional Hydro (Nyboer et at 2006) 
Furthermore, the Biomass Energy Centre (2008) compiled a comparison study on woody 
biomass energy output costs in relation to fossil fuel , shown in Figure 22. 
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Figure 22: Comparable Costs for Power Plant Fuels in the United Kingdom (Biomass Energy Centre 
2008) 
Note that wood pellets are cheaper than all the fossil fuels except natural gas. 
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The cost effectiveness of heating with wood pellets generally lies with buildings between 
10,000 - 50,000 ft2 (929 - 4,645 m2) that are currently using heating oil, propane, or 
electricity for space heat and/or are serving large domestic hot water loads (BERC 2007). 
Since the heated floor space for UNBC is 56,782 m2, it seemed unlikely at this point in 
the study that pellet heating would be a cost effective way of heating the campus. 
Some case studies have looked at the use of biomass as a district energy source 
(Appendix VI; BIOHEAT 2008) but those studies have typically involved replacement of 
coal or oil burning power plants with wood chip or pellet bioenergy plants. The proposed 
conversion of the natural gas burning heating plant at UNBC with a wood pellet burning 
boiler appears to be a new application and it also has the drawback of trying to displace 
natural gas as the energy source. Natural gas and electricity are two energy sources 
which are possibly at their cheapest cost levels in the province of BC. 
If UNBC decided to go ahead with a wood pellet fired heat energy boiler system, systems 
being considered for Yellowknife, NWT could be examined. The city was considering 
wood pellet heating for its pool, community arena and curling rink at an estimated 
savings of $93,000/yr coupled with emissions reductions of 19%. The overall cost of the 
project was estimated at $537,500 of which $240,000 would be derived from the 
Municipal Rural Infrastructure Fund (MRIF). Even without receiving this additional 
funding the payback period for the project was six years. The facility would be operated 
under a public-private partnership arrangement with Arctic Green Energy. Pellet supply 
in this case was being shipped 800 km north from La Crete, Alberta. Other projects in 
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the NWT that have been using wood pellet heating for more than one year were the North 
Slave Correctional Facility and Northern Property's Bison Hill Apartments and the Sir 
John Franklin high school added a system in February 2008 (McDiarmid 2008). 
Another factor which could add to the attractiveness of a wood fired pellet boiler plant at 
UNBC would be whether or not the BC provincial government would bring in a subsidy 
for wood pellets. Currently, Oregon's Department of Energy subsidizes biomass energy 
materials at $10 per ton (Ferguson 2008). 
With a wood yield of 15-25 bone dry tonnes/ha, between 250-420 ha of land are required 
to provide enough feedstock for each MW of electric generation facility run on wood 
(BIOCAP 2008). This same relationship could be used on a strictly energy based format 
for a potential 20 MW UNBC wood pellet burning system to arrive at a requirement of 
5000-8400 ha of land to generate the necessary energy required for a UNBC heat based 
pellet system, if all of the wood utilized is harvested directly from the forests. However, 
the Prince George forest district is listed as having no annual allowable cut licenses 
available for 20 year bioenergy tenures which would be what UNBC would likely want 
to secure for long term fuel requirements (MoFR 2008). 
Some examples of overall capital costs for various biomass energy electric generation 
systems are listed in Table 5: 
46 
Table 5: Capital Costs of Biomass to Energy Conversion Systems (BIOCAP 2008) 
Componrnt Capital cost prr MW of OnraU systrm rlrctric 
rlrctric capacity convrt·sion rffidrncy 
Direct combustion (steam cycle) $2 . 5 million 25-30% (large-scale) 
20-25% (small-scale) 
Co2eneration (steam cycle) $4 million* 20-25% (large-scale) 
Co2eneration (Entropic cycle) $2.8 million* 14% 
Gasification-combustion $3 .0 million 20-25% 
Pyrolysis-to-turbine $3-5 .6 million 12% 
* \\'tthout the: heat distnbuttou system. Unless the: heat ts sold to au mdustnal usc:t· next to the: plant. a heat dtstnbuttou system 
(such as for district heat) can cost sc:vc:t'lllmillion dollar~ . 
3.10 Characterization of Energy Usage 
Figure 23 illustrates the general applicability of various bioenergy technologies to 
electricity conversion systems. Since UNBC would require a 20 MW system it appears 
that based on this related research, UNBC would be better off with a gasification-
combustion type, biodiesel or direct combustion I steam cycle application. Also listed on 
the base of the figure is the approximate capital investment required for each class of 
systems. Note that for a 20 MW UNBC system the price tag would be in the 
neighbourhood of $20 million for a heat only biomass application. 
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Biomass Energy Technologies and Their Ranges of Applicability 
Heat-only applicatiOns 
Anaerobic digesters 
Pyrolysis (Bi<Hlil) 
Non-steam systems (e.g En ropic cycle) I 
Direct combustiOn/s earn cycle 
Gasiftcation-combustion 
Small-scale pellets (lOcal use) 
Suitable for: Remote grid 
Electr. Generation Capacity: 1 MW 
or: Litres of fuel produced: !l,OOO litres/year 
Feedstock required: 10,000 tonnesfyear 
Capital investment: $3 mil/ton 
Small community 
10MW 
100,000 /itres per year 
Ugnoceluiosic Ethanol 
Biodiesel (Transes eriftcation) 
j Biodiesel (Fischer-Tropsch) I 
Municipelity!Med. lndustnal 
2~MW 
2 million 1/tres per year 
Larpe industrial 
~+MW 
~. 000 tonnes per year 
$20million 
~million litres per year 
200, 000 tonnes per year 
$~million+ 
Figure 23: General Applicability of Biomass Energy Systems for Potential Bioenergy Projects 
(BIOCAP 2008) 
Most biomass energy facilities are not very good at modulating their output very much 
and are therefore more suitable for relatively stable baseload energy requirements. Most 
of these biomass systems are designed to run 24/7 with a relatively uniform output 
(BIOCAP 2008). 
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Chapter 4 
ANALYSIS I FINDINGS 
4.1 Textual Information from RETScreen Software 
In order to prepare for the calculations required to assess the financial viability of a 
potential UNBC wood pellet heat energy plant, the RETScreen user guide and online 
tutorials were reviewed. A useful way of thinking about this study is represented in 
Figure 24. 
Typical Energy Project Implementation Process 
GO? 
Pre-feasibility 
Analysis -------
NOGO? Feasibility 
Analysis GO? 
NOGO? Engineering 
& Development GO? 
NO GO? Construction & 
Time & Money ..., Commissioning 
Go/No-Go Decision ..., 
Figure 24: Stages in Project Evaluation (RETScreen 2005) 
Furthermore, Canada's largest district biomass system is in Charlottetown, PEL The 
characteristics of the system that apply to this paper are as follows: 
• Conversion from oil fired boilers to energy from waste biomass boilers - this will 
be unlike the UNBC proposal but similar to what city of Prince George is 
proposmg 
• Total floor space- 8,000 rn2 
• Originally opened in 1998 - has grown several times to include more buildings 
• Total current capacity of the plant is 35 MW of heat and 1.2 MW of electricity 
• PEl Energy Corporation handles all the maintenance and servicing of the plant 
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The only other case from RETScreen that is somewhat applicable to the proposed UNBC 
case study is the local / district heating system case number six, but it is also a wood chip 
burning system and not a pellet burning system. 
In addition, RETScreen also provided the following general guidelines on biomass 
systems. The installed cost ranges for biomass and natural gas boiler systems listed in 
Figure 25 were compared to estimates given by the UNBC Chief Engineer and pellet 
industry principals. The estimates were found to fall into approximately the middle of 
the ranges that RETScreen provided. 
RET Screen 
RETScr ee n beatmg equopru ent t\ pe T' poral in <tailed r o<t 
iS k\\ h<o:rne l Included 10 cos t :"' o t included on cos t 
• Major equipment • Fuel connection storage 
Biomass system 100to400 • Maior installation •FlueNent 
• Major equipment • Fuel connections/storage 
Boies- 25 to 200 • Major installation • FlueNent 
• M ajor equipment • Fuel connections/storage 
• Major installation •Flu ent 
Fwnace 30 to 120 • Ductwod<, CUJbs & pads 
• Major equipment • Fuel connections! storage 
Heater 30 to 80 • Major installation • Flue/Vent 
• Mljor equipment • Fu tl connections/storage 
Heat pu~J:p - air-som-ce 800 to 1,500 • Major installation • Ductwod<, CUJbs & pads 
600 to 1,500 • Mljor equipment • Fuel connections/storage 
+ 200 to 1,500 for- horizootal loop • Mljor installation • Ductwod<, CUJbs & pads 
Heat pu~J:p - ground-source or- + 400 to 4,000 for'~ loop 
N.te: Typical installed cost , -alues in Canadian S as of Ianuaty 1, 2006 . • ~ximate exchange rate at time was 1 CAD a 0.86 USD and 1 
C.'\Da O.n EUR 
www .retsaeen.net 
Figure 25: Typical Costs for Biomass and Natural Gas Systems (RETScreen 2008) 
Therefore, if we use the desired power rating for potential base load UNBC biomass 
system and we know that we need 5 MW of capacity then that would equate to: 
• 5,000 kW * $100/kW = $500,000 (low end) 
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4.2 Limitations of RETScreen Software in relation to UNBC Proposal 
The main limitation of the RETScreen modeling software is that it has not been validated 
for large-scale district energy systems. However, the model can be used with confidence 
for small commercial and commercial/industrial biomass systems (maximum of 2.5 MW 
peak capacity, with multiple biomass systems) on single building or district heating 
systems (1 to 100 buildings). Therefore, this was one reason why RETScreen was only 
used to calculate heating loads and fuel consumption. In addition, RETScreen also 
required additional engineering information that had not been collected during the study. 
4.3 Using RETScreen for the Analysis 
In order to compute the project outcomes using RETScreen, several inputs and 
assumptions needed to be made. Input was made in a sequential way in the RETScreen 
workbook and the following subsections describe which selections were made and why. 
In order to start the RETScreen analysis a selection of an energy system type needed to 
be made (Heating - biomass system was selected) in order to load the appropriate Excel 
workbook. The workbook is then comprised of several spreadsheets and inputs (Figure 
26) on each spreadsheet as described in general below and then in more detail in each 
subsection. 
The sections of the Heating - Biomass spreadsheet are as follows: 
• Start Spreadsheet 
o Project Information 
o Site Reference Conditions 
• Load and Network Spreadsheet 
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o Base Case Heating System 
o Proposed Case Energy Efficiency Measures 
• Energy Model Spreadsheet 
o Proposed Case Heating System 
o Proposed Case System Characteristics 
• Cost Analysis 
o Settings 
o Initial Costs 
o Annual Costs 
o Annual Savings 
o Periodic Costs 
• Emission Analysis (not used for this study) 
• Financial Analysis 
o Financial Parameters 
o Annual Income 
o Project Costs and Savings I Income Summary 
o Financial Viability 
o Yearly Cash Flows 
o Cumulative Cash Flows Graph 
• Risk Analysis 
o Sensitivity Analysis 
o Risk Analysis 
• Tools Spreadsheet 
r;::/~ I 
Prqadtype I 
T ectr'lcqy I 
Anlllysistype I 
HNtlng ..,..,. ref«enc~ I 
IHS I 
Site reference .:onditlons 
Clean t nergy ProJer.t Analysis Software 
-........ .,..... 
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....... ..... 
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Figure 26: RETScreen Start Spreadsheet showing Tabs for Other Spreadsheets (RETScreen 2008) 
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The RETScreen user manual also indicates that the whole process of estimating the 
project involves ever more detailed cost analysis which becomes progressively more 
accurate in relation to actual project costs (Figure 27). 
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Figure 27: Accuracy of Project Estimates in relation to Project Cost Estimation Stages (RETScreen 
2005) 
4.3.1 Start Spreadsheet 
4.3.1.1 Project Information Section 
The first four input categories were merely to describe the nature of the project. The next 
two input boxes, "Project Type" and "Technology" were already selected as "Heating" 
and "Biomass System" respectfully, by virtue of the selection of the type of RETScreen 
workbook. The next input "Analysis Type" was selected as "method 1" since this was 
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described as the more basic analysis. The next step was to select the "Lower Heating 
Value" for the "Heating Value Reference" since the combustion products for both the 
existing natural gas boilers and the proposed pellet fired boilers, remains as a gas. The 
"show settings" dialog box was also "checked". "Language" selected was "English", 
"User manual" selected was "English", "Currency" was selected as"$" and "Units" were 
selected as "Imperial units". 
4.3.1.2 Site Reference Conditions Section 
"Climate Data Location" was selected as "Prince George Airport" since that was the 
only climate data set listed in the RETScreen database for Prince George. The author 
believed that this would be accurate since the climate conditions at the airport would 
likely not be extremely different from that at UNBC. 
4.3.2 Energy Model Spreadsheet 
The layout of this part of the RETScreen workbook is shown in Figure 28. 
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Figure 28: RETScreen Energy Model Spreadsheet (RETScreen 2008) 
4.3.2.1 Heating Project Section 
The first input is the total heated floor area of the building. To arrive at this figure, a 
spreadsheet from the UNBC Chief Engineer was used and then buildings that were not 
within the ring road were deleted since buildings outside the Ring Road are not heated by 
the power plant. Table 6 shows the UNBC building sizes applicable to this study. 
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Table 6: Total Floor Space for UNBC Buildings within the Ring Road (Carter 2008) 
Building Area (m 2) Opened 
Geoffrey R, Weller Library 10052.1 1994 
Administration 5834.3 1994 
Research Lab 6336 1994 
Conference Centre 
Phase 1 3019.3 1994 
Phase 2 233.7 2004 
Agora 7265 1994 
Power Plant 994.1 1994 
Lab Link 143 2002 
Teaching Lab 
Phase 1 5725 2002 
Phase 2 2196 2004 
Bentley Centre 923 2002 
Dr. Donald Rix NHS Centre 3930 2004 
Teaching & Learning Building 10130 2007 
TOTAL 56781.5 
Next, the "Energy Efficiency Measures" box was left at "zero" percent smce it was 
assumed that no additional building improvements would be made as part of this 
analysis. The first assumption was what the heat load of the buildings will be. Figure 29 
shows the building heat load chart that RETScreen uses for this purpose. 
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Figure 29: RETScreen Heating Load Guide (RETScreen 2008) 
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For this study, the good insulation graph was used as it was determined that UNBC 
buildings were progressively insulated (Carter 2008). Furthermore, for this study UNBC 
was assumed to be in a -35 °C temperature area. Therefore, the heating load value 
entered in the spread sheet was approximated at 75 W/m2. 
The domestic hot water heating base demand was entered as 1 0% after discussion with 
the UNBC Chief Engineer. The value could be as low as 5% but 10% leaves a better 
margin of error (Carter 2008). 
Transportation costs for pellets to UNBC campus are estimated at $100-120 I bone dry 
tonne (Carter 2008; Stennes 2007; Swaan 2005). Stennes (2007) also goes on to say that 
feedstock costs are the critical determinant in whether or not woody biomass heat energy 
is economically feasible. Stennes (2007) also predicts that after 2015, regional timber 
harvests will drop and residual wood in the field will also become scarce and will be 
spread over a larger area which will make the material more costly to remove from the 
forests. 
4.4 Other Spreadsheets in RETScreen 
The remainder of spreadsheets in RETScreen were not utilized smce engmeenng 
information required to complete them had not been collected. Financial modeling and 
decision making was conducted using the initial RETScreen output and inputting those 
values into Excel spreadsheets (sample in Appendix VI). 
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4.5 Financial Analyses 
Two financial analyses were performed on the data collected. Both analyses used the 
same basic information and assumptions as shown in Figures 30 and 31 on the left side 
yellow highlighted areas. On the right side highlighted area, the capital cost range per 
unit output and the fuel cost range per unit are given for the model developed. The range 
of energy system capital costs used was that which was listed in Figure 25 in this paper. 
Information I cost estimates collected from the UNBC Chief Engineer and members of 
the wood pellet industry indicated that these ranges of capital costs were reasonable. The 
fuel cost range for the natural gas system ($8.50-$1 0.50 I GJ) was derived from 
information provided by the UNBC Chief Engineer while the fuel cost range for wood 
pellets ($1 00-$120 I bone dry tonne) was derived from information in the literature 
reviewed as well as from the UNBC Chief Engineer (Carter 2008; Stennes 2007; Swaan 
2006). For each scenario analysis, NPV, IRR, simple payback, discounted payback and 
profitability index were calculated. Based on a positive or negative NPV a decision 
(YES/NO) was made to install a pellet system (far right column in Figures 30 and 31). 
The first scenario described in Figure 30 (top line of imbedded table) is for installation of 
the average cost wood pellet system and natural gas system combined with the average 
wood pellet and natural gas fuel costs. The results of this first analysis are given in 
Appendix VI. The other scenarios described in Figure 30 essentially cover the other 
possibilities for the two major factors examined: 
• System capital cost (high vs. low for both pellet and natural gas systems) 
• Fuel cost (high vs. low for both pellet and natural gas) 
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Symmal) of Wood Pellet vs. Nattual Gas Syttems 
Capital Costs and Operating Costs for a new natural gas system (replacement) and new wood pellet system 
Plant Size: 
Discount Rate: 
Inflation: 
Fuel Inflation: 
Heated Floor space: 
Seasonal Efliciencr 
Healing load: 
Domestic hot water load: 
Energy Efliciency measure! 
5MW 
8% 
2% 
2% 
56,782 m2 
00% 
75 W/m2 
10% 
0% 
Wood Pellet Capital Cost range: 
Natural Gas Capital Cost range: 
Wood Pellet cost range: 
Natural Gas cost range: 
$1 00-$.400/kW 
$25-$200/kW 
$100-$120/tonne 
$8.50-$10.50/GJ 
Capital Cost Capital Cost 
Capital Cost Fuel Cost Wood Pellet Natural Gas 
Fuel Cost Fuel Cost NPV 
($) 
Simple 
Payback 
(years) 
Discounted Profltabilif)' Pellet 
Pellet Gas Payback Index System 
Scenario Scenario ($/kW) ($/kW) ($/tonne) ($/GJ) (years) (>1• yes,< 1•no) Decision 
Average Average 250 112.5 110 9.50 1 ,gf,7 ,265 29.18 8.98 15.64 1.57 YES 
Best Ave rag~ 100 200 110 9.50 3,154,765 >50 3.24 0 6.31 YES 
Worst Average 400 25 110 9.50 779,765 11.73 16.34 >25 0.39 YES 
Average Best 250 112.5 100 10.50 2,983,873 38.95 6.18 10.31 2.39 YES 
Average Worst 250 112.5 120 8.50 950,658 19.03 16.63 >25 0.76 YES 
Best Best 100 200 100 10.50 4,171,373 5209 2.3 0 8.34 YES 
Worst Worst 400 25 120 8.50 ·236,842 6.72 >25 >25 -0.12 NO 
Figure 30: Financial Analysis for Installation of 5MW Wood Pellet System or Natural Gas System at 
UNBC 
The outcome of this initial round of analyses indicated that the NPV s, for all but one of 
the scenarios examined, were positive indicating that installation and operation of a wood 
pellet heat producing system could be financially viable at UNBC. However, since 
UNBC already has full heating capacity with natural gas, another set of analyses needed 
to be made. The outcome of that round of analyses is shown in Figure 31 , where all the 
factors were used in the same manner as in Figure 30, with the exception of the natural 
gas capital cost which was set to zero since there was no requirement at UNBC to replace 
the existing natural gas equipment. 
Comparing Figures 31 to 30, one notes that each scenario analyzed still gives the same 
decision as to whether or not to utilize a pellet heating system at UNBC. The differences 
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lie in the NPVs being different in Figure 31 since there is no natural gas system capital 
cost to offset the wood pellet system capital cost against. 
Summarv of Wood Pellet vs. Hamra! Gas SV5tems 
Capital Costs and Operating Costs for Wood Pellet System and only operating costs for existing natural g,as system 
Plant Size: 5MW Wood Pellet CapJ!al Cost range: 
Discount Rate: 8% Natural Gas Ca ital Cost range: ..__ 
Inflation: 2% Wood Pellet cost range: $1 00-$1201tonne 
Fuel Inflation: 2% Natural Gas cost range: $8 .~$10.50/GJ 
Heated Floor space: 56,782 m2 
Seasonal Efficiency: 00% 
Heating load: 75 W/m2 
Domestic hot water load: 10% 
Energy Efficiency measure! 0% 
Ca ita! Cost Capital Cost Fuel Cost Fuel Cost NPV IRR Simple Discounted Profitability_ Pellet 
Capital Cost Fuel Cost Wood Pellet Natl!ral Gas Pellet Gas J$) (I!} Payback Pa back Index S~em 
Scenario Scenario {$1\W) {$1\W) {$/tonne) {$/GJ) !Years} (years) {>1•yes,<1•no) Decision 
Average Ave rag~ 250 0 110 9.50 1,404,765 17.21 8.98 22.69 1.57 YES 
Best Average 100 0 110 9.50 7,741 ,057 >50 124 0 6.31 YES 
Worst Average 400 0 110 9.50 654,765 10.98 16.34 >25 0.39 YES 
Average Best 250 0 100 10.50 2,421 ,373 22.94 6.18 14.25 2.39 YES 
Average Worst 250 0 120 8.50 388,158 10.84 16.63 >25 0.76 YES 
Best Best 100 0 100 10.50 3,171,373 52.09 2.3 4.82 8.34 YES 
1--- __, ______... --
Worst Worst 400 0 120 8.50 -li1 ,842 6.14 >25 >25 .().12 NO 
Figure 31: Financial Analysis of 5 MW Wood PeUet System vs. Operating Costs for Existing 5 MW 
Natural Gas System 
Therefore, the only scenario where a wood pellet system would not be installed would be 
where the capital cost of the pellet system was $400/kW and the wood pellet fuel cost 
was $120/tonne compared against a low natural gas fuel cost of $8.50 I GJ. 
4.6 Weakness in the Analyses 
The author recognizes that there could have been more detailed analyses conducted in 
comparing wood pellet heating systems vs. natural gas heating systems. Of particular 
importance would be the effect of escalating fuel costs (natural gas vs. wood pellet). The 
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literature did not contain accurate information on predicting fuel costs with any certainty 
for the 25 year time span of this project. 
Furthermore, sensitivity analyses would be the next level of calculations for the model 
generated. Heating loads, seasonal efficiencies, energy efficiency targets, discount rates, 
inflation and fuel inflation rates need to be examined for both high and low outcomes to 
study their impact on the model and resulting NPVs. 
If or when UNBC considers wood pellet energy as a heat source, it should also acquire 
more specific information from wood boiler manufacturers on energy output, energy 
efficiency, waste disposal costs and engineering costs related to a wood pellet heat 
energy system so that these costs may also be added into the model developed for this 
study. 
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Chapter 5 
Summary 
The first part of this paper was descriptive research defining what wood pellet technology 
is and how it can be used. Supply of wood pellets in northern B.C. does not seem to be a 
concern for the next 10-15 years, but costs of pellets could be important with demand 
increasing in Europe, large new pellet production facilities opening in the United States 
and timber demand currently experiencing a downturn in BC. Information on large (> 3 
MW) institutional pellet boilers was hard to come by and largely untested in the North 
American institutional setting. Much of the data on wood pellet combustion systems is 
for residential systems and not for institutional systems which are typically design and 
build projects. Useful references were compiled on biomass energy guides, large scale 
pellet boilers, wood combustion engineering firms and bioenergy I wood energy 
websites. 
The second part of the study utilized the National Research Council 's Renewable Energy 
Transfer Screen together with traditional financial analysis in the Excel software 
environment to analyze the data collected for a determination of the financial viability of 
the proposed wood pellet bioenergy plant at UNBC. The outcome of the analyses 
showed that in all but two of the scenarios, a wood pellet heat energy system was a 
financially viable option based on positive NPV s. 
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One of the major drawbacks to the analyses compiled in this paper is the uncertainty 
around long term price projections for natural gas and wood pellets. 
Further studies could also be conducted to determine the potential of the following 
energy systems for use at UNBC: 
• Cogeneration with heat energy system 
• Co-firing with clean coal 
• Gasification 
• Geothermal energy potential 
• Solar energy potential 
• Wind power potential 
• Environmental impact assessments (life cycle environmental impacts from any of 
the systems above, and including wood pellet heat energy systems) 
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Appendix I Wood Bioenergy Organizations 
There are several Canadian organizations that coordinate activities and conduct research 
around biofuels: 
• Canadian Bioenergy Association (www.canbio.ca) 
• Canadian Biomass Innovation Network (www.cbin-rcib.gc.ca/index-e.htrnl) 
• Canadian Renewable Fuels Association (www.greenfuels.org) 
• Natural Resources Canada's CANMET Energy Technology Centre 
(www.cetc.nrcan.gc.ca) 
• Canadian German Chamber oflndustry (www.germanchamber.ca) 
• Clean Energy Research Centre (www.cerc.ubc.ca) 
• Southwestern Ontario Bioproducts Innovation Network (www.sobin.ca) 
• UBC Biomass & Bioenergy Research Group (www.biomass.ubc.ca{) 
• Wood Pellet Association of Canada (www.pellet.org) 
Many of these Canadian groups or organizations are also listed in the Renewable Energy 
Canada Industry Guide 2008 (www.contactcanada.com). 
In the United States there are also several organizations that are involved in coordinating 
specifically wood biomass initiatives: 
• The Northern Forest Biomass Energy Initiative 
( www. biomasscenter .org/upcoming.htrnl) 
• National Renewable Energy Laboratory (www.nrel.gov) 
• US Department of Energy, Energy Efficiency and Renewable Energy 
(www.eere.energy.gov) 
• Biomass Energy Resource Center (BERC) (www.biomasscenter.org) 
• Pellet Fuels Institute ( www .pelletheat.org) 
International wood research centers also include: 
• Competence Network for the Sustainable Use of Wood (www.kompetenznetz-
holz.de/en/) (NHN) in Germany 
• Biomass Energy Centre (www.biomassenergycentre.org) in the United Kingdom 
• Centre for Sustainable Energy (www.cse.org.!!kL) in the United Kingdom 
Provincially there are other contacts of importance: 
• BC Ministry of Forestry and Range Bioenergy Page 
(www.for.gov.bc.ca/hts/bioenergy/index.htm) 
Furthermore, information on bioenergy is presented at various conferences among which 
are: 
• International Bioenergy Conference (www.bioenergyconference.org) 
• Residue-to-Revenue Residual Wood Conference 
( www. forestnet.cornlrwc/index.h trn) 
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• Alternative Energy: Innovation, Integration and Commercialization 
(www.conferenceboard.ca/conf/apr08/alt-energy/default.asp) 
• Globe 2008 (www.globe2008.ca) 
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Appendix II UNBC Campus Bioenergy Program (Request for 
Expression of Interest) 
RFEI07-1015 
DATE OF ISSUE: 
TO RESPOND BY: 
RESPOND TO: 
Request for Expression of Interest 
RFEI07 -10 15 
SUBJECT: 
Campus Bioenergy Program 
February 05, 2008 
Page 1 
February 15, 2008@ 1600 Hours (4 :00PM Pacific Time ) 
Sheila Keith, Director 
Purchasing, Contract & Risk Management 
University of Northern British Columbia 
3333 University Way 
Pr ince George, BC V2N 4Z9 
Email : k!:it!Js®unbc.ca 
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RECEIPT CONFIRMATION FORM 
REQUEST FOR EXPRESSION OF INTEREST 
AFEI07-1015 
CAMPUS BIOENEAGY PROGRAM 
Please complete this form and mail or fax IMMEDIATELY to : 
Purchasing Department 
University of Northern British Columbia 
3333 University Way 
Prince George, BC V2N 4Z9 
Attn: Sheila Keith, Director, Purchasing, Contract & Risk Management 
Fax Number: 250-960-5507 
Page 2 
Failure to return this form may result In no further communication regarding this Request 
for Expression of Interest. 
COMPANY NAME: 
ADDRESS: 
CITY: PROV: POSTAL CODE: 
CONTACT PERSON : EMAIL: 
CONTACT 
TELEPHONE: FAX: 
I have received a copy of the above noted Request for Expression of Interest. 
Yes, I wi ll be responding to this Request. Therefore, I authorize the Unive rsity of 
Northern British Columbia to send further correspondencs that it deems to be of an 
urgent nature by the following method: 
___ Courier collect ___ Mail 
___ Phone No. ___ Fax No. 
(No. _____ ) (No. ____ _ 
___ No, I will not be responding. 
73 
RFEI0?-1015 
UNIVERSITY OF NORTHERN BRITISH COLUMBIA 
REQUEST FOR EXPRESSION OF INTEREST 
RFEI07-1015 
CAMPUS BIOENERGY PROGRAM 
1.0 INFORMATION AND INSTRUCTIONS 
1.1 CONTEXT 
Page3 
The University of Northern British Columbia is uniquely positioned to be a 
Canadian leader in education, research, and campus operations that lead to 
environmental sustainability. Timely responses to climate change and the 
mountain pine beetle epidemic, for example, will create the local capacity for 
innovation that wi ll sustain communities and industry for future generations. 
The recent BC Bioenergy Strategy and Bi11 44 both seek early action for the 
reduction of gree n house gas (GHG) footprints and utilization of renewable 
energies. In this regard, the architecture of UNBC's Prince George campus 
enables the University to be a leader. The core UNBC academic buildings are 
all connected to a central power plant which provides heat, cooling, and energy 
through a utility corridor. While the power plant currently uses gas-fired boilers 
to produce hot water for heating, it has bee n designed to accommodate 
alternate energy sources. 
Our campus architecture, proximity to fue l sources, and desire to be a national 
leader in select areas are combining to make UNBC a natural choice for a 
bioenergy hub for research and development, teaching, and commercialization 
that will foster economic deve lopment for northern communities. 
Therefore, UNBC is seeking expressions of interest for the first phase of a 
bioenergy program that will reduce greenhouse gas emissions and fossil fue l 
consumption on the Prince George campus. 
1 .2 Background lnfonnatlon 
The Power Plant on UNBC's Prince George campus produces hot wate r heat 
and cooling and provides e lectricity to the campus buildings located within the 
Ring Road. Currently, these buildings comprise 56,000 square meters of 
space. The base summer heating load is slightly less than 1 0 MBTU with a peak 
winter load of 40 MBTU, consuming 84,000 GJ of natural gas pe r year. There 
are four boilers in the Power Plant. In 2007, the campus also consumed 1.5 
million KWH of electricity and 450,000 gallons of wate r. 
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Currently, UNBC pays about $1 .2 million per year for electricity and nearly 
$800,000 for natural gas. 
For details related to the Powe r Plant and its operation, see Appendix One . 
1.3 PURPOSE 
Through this Request for Expression of Interest, the University seeks to : 
1.1.1 shortlist propone nts who present the best submission in order to he lp the 
university determine complete project planning costing 
This Request for Expression of Interest states the instructions for submitting 
proposals, and the procedure and criteria by which respondents will be shortlisted. 
1.4 GOALS 
The goals for this initial project are as follows: 
.1 Meet current energy needs of the campus with potential for future 
expansion for the UNBC Technology Park and pe rhaps University 
Heights . 
. 2 Reduce or eliminate the fossil fuel carbon footprint and reliance on fossil 
fuels from campus power plant operations in the order of 4000 tonnes of 
carbon per year . 
. 3 Reduce UNBC energy costs 
.4 Contribute to R&D, training and student education 
.5 Provide opportunity for development of new bioenergy partnerships and 
demonstration of opportunities for northern communities 
.6 System implementation early in 2010 . 
. 7 OUtperform current emission target regulations (including particulate, 
NOX, SOX .. . as applicable) 
1.5 DEFINITIONS 
Hereinafter, each company responding to this Request for Expression of Interest is 
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referred to as a "Proponent" and a Proponent's submission in response to the 
Request for Expression of Interest is referred to as a "Proposar·. 
1.6 ISSUING OFFICE 
University of Northe rn British Columbia 
Purchasing, Contract & Risk Department 
3333 University Way 
Prince George, BC V2N 4Z9 
Attention : Sheila Keith, Director 
Purchasing, Contract & Risk Management 
Phone: 250-960-5500 Fax: 250-960-5507 
1.7 KEY DATES 
Listed below are the important events and the target dates and times by which the 
~are expected to be completed: 
A. Issue of Request for Expression of Interest February 05, 2008 
B. Return Receipt Confirmation Form IMMEDIATELY 
C. Respondent's Inquiries Up to February 11 , 2008 
D. University's Answers February 12, 2008 
E. Due Date for Submission of Proposals February 15, 2008 
F. Evaluation and Clarification of Proposals February 18-22, 2008 
G. Determine whether to shortlist and proceed or cancel February 25, 2008 
1.8 CLOSING DATE AND TIME 
Proposals, signed by the Proponent's authorized representative, must be reooived 
by the Issuing Offioo, not later than 4:00 PM (1600 Hours) Pacif ic Time, February 
15th, 2008 
The University will not accept submissions of any Proposals after the closing 
date and time. ArrJ submissions received after the closing date and time shall 
be considered disqualified and will be returned unopened to the Respondent 
who submiHed the RFEI. Under no circumstances, regardless of weather 
conditions, transportation delays, or any other circumstances, will this 
deadline be extended. 
1.9 PROPOSAL SUBMISSION 
Four copies of the Proponent's proposal must be submitted to the Issuing Office 
on or before the closing date and time. FAXED REPLIES WILL .£iQI BE 
ACCEPTED. Proponents may email their submission to Rhonda Hay at 
rhondah@unbc.ca however It must be time stamped prior to the closing date 
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and time. The proposal should be no more than 10 pages In length Including 
the cover page. 
Proponents may not make modifications to their Proposals after the closing date 
and time except as may be allowed by the University pursuant to Section 1.1 0. 
The University may reproduce any of the Proponent's Proposal and supporting 
documents for internal use or for any other purpose required by law. 
The University wi ll not be obligated in any way by the Proponent's Proposal. The 
University will not return any of the Proponent's Proposal and supporting documents 
to the Proponent. 
1.10 PROPOSAL COSTS 
The Proponent has the sole responsibility for any costs associated with preparing 
and submitting its Proposal in response to the Request for Expression of Inte rest. 
In no event will the Unive rsity be responsible for the costs of preparation or 
submission of any Proposal. 
The University reserves the right to accept the Proposal which it deems most 
advantageous, and the right to reject any or all Proposals. This Request for 
Expression of Interest does not obligate the University to select or implement any 
particular type of bioenergy system. 
The University will not be liable under any contract in connection with this Request 
for Expression of Interest, or the submission of Proposal, 
1.11 INQUIRIES AND CHANGES 
All inquiries regarding the selection process and the terms of the Request for 
Expression of Interest MUST be faxed to: 
Sheila Keith Fax: (250) 960-5507 
Answers from the University of Northern British Columbia will be issued in written 
form and signed by the Director and then posted on the UNBC Purchasing web site . 
www.unbc.ca/purchasing 
2. BASIS OF SELECTION 
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The University will not necessarily accept any Proposal. Any implication that any 
Proposal will be accepted is hereby expressly negated. 
3. CONFIDENTIALITY 
The Proponent acknowledges that the University is a public body subject to the 
Freedom of Information and Protection of Privacy Act (the Act). The Proponent shall 
review the Act and determine the categories of records which are excepted from 
disclosure under the Act. The Proponent shall clearly mark "Confidential" all 
information regarding the items and conditions. financial and' or technical aspects of 
the Proponent's Proposal, which in the Proponent's opinion are of a proprietary or 
confidential nature at the relevant item or page. 
If the Unive rsity receives a request for information under the Act which includes 
information provided by the Proponent. the University will give the Proponent notice 
of such request and the Proponent will respond to such notice within 20 days or 
less. If the Proponent does not respond to the notice from the University, the 
University wil l proceed to process the request for information. The Unive rsity shall 
use all reasonable efforts to hold all information marked "Confidential" by the 
Proponent in strict confidence but shall not be liable for any inadve rtent disclosure. 
If the University's response to a request under the Act is appealed to the Office of 
the Information and Privacy Commissione r, the Proponent shall have the burden of 
proof per section 57 (3) of the Act. The Proponent shall be responsible for all costs 
related to its confidentiality requirements. 
If the University declares and marks certain information about the University to be 
received by the Proponent as ·confidential", the Proponent must not disclose such 
·confidential" information to any third parties unless authorized to do so in writing by 
the University. 
The Proponent and The University agree that the reciprocal obligations of 
confidentiality will survive the te rmination of any contract that might arise between 
the parties. 
4. EVALUATION CRITERIA 
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.1 Relevant institutional experience and awareness of impact on campus 
operations 
.2 Demonstrated capital budget, schedule performance, and performance 
bonding for initial project. 
.3 Operational, life cycle and ongoing maintenance costs (that may be 
readily compared with other systems for like functions) 
.4 Prove n technology 
.5 Demonstrated involvement and current or recent partnerships in R&D, 
teaching and leaming particularly applicable to the north 
.6 Plans for renewable energy (fuel) sources 
.7 Emissions levels and all required permits 
.8 Pe rformance guarantees for all partners if joint submission 
.9 Carbon credits/offsets and measurable GHG reductions 
.10 Estimated down time of current operations for system tie-in 
APPENDIX I 
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Unlvcrsltv of Northrrn BC (UNBC) Power Plant: 
1he "Power Plant" on the UN BC Prince George Campus was de igned to be a Co-Generation plant 
producing hot water heat, cooling and electricity to the core campus buildings. 
1he plant was partially re-designed in 1993 eliminating the Co-Generation power producing equipment. 
An acklitional boiler was added at that time to increase the heating capacity of the plant because of 
the loss of the heat ource from the power generation equipment. Unfortunately the option of power 
production was not economically viable in 1993. 
In 2006 a Phase 2 expansion of the Power Plant was completed. The absorption chiller was removed 
and two 850 ton centrifugal chillers were installed. An additional 20 MBTU boiler was installed at this 
time as well. All of the space in the current plant building is being utilized. 
1he Pha e 2 ex pan ion was designed to al low for future expansion of heating and cooling capacities by 
adding additional equipment. If the building is expanded, additional equipment can be piped into the 
main systems easily. 1he building is de igned so that additional heating capacity could come from 
al ternate heat sources other then the dual fuel natural gas/diese l boilers that are currently being used. 
1he plant currently has three 20 MBTU boilers and one 6 MBTU boiler for heating. All of these uni ts 
have dual fuel Wei haupt burners. There are two 850 ton centrifugal chillers for building cooling. This 
equipment supports all of the core campu buildings built within the confi nes of the Ring Rd. In 
addition to the heating and cooling equipment there are two diesel generators for emergency power 
generation to the core campus buildings. 
1he two Residences, the Enhanced Forestry Lab, the Daycare, Maintenance Shop and Northern Sports 
Center are stand alone buildings with their own heating systems. They do not have emergency power 
capability (except EFL). 
Ul\llC Power Plant Statistics 
lhere are four hot water boi lers in the plant. They operate at 75 lbs and 230F. 
All equipment installed in the primary heating loop must be designed for 125 lbs and 240F. 
1he plant delivers higher temperature hot water to plate heat exchangers in mechanical rooms in 
each building. The individual buildings have independent traditional hot water heating system 
that operate between 140F and 190F. 
l11ere are three 20 MBTU gas/diesel boilers and one 6 MBTU gas/diese l boiler in the plant. 
11le base sununer heating load is less then 10 MBTU and the peak winter load is currently 40 MBTU. 
11le plant boiler gas consumption varies between 4416 GJ (summer) and 10,88 1 GJ (winter) per month. 
11le plant boilers consumed 83.983 GJ of natural gas in 2007. 
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Tile boilers are all dual fuel and can operate on ei ther natural gas or diesel (light oil). The generators run 
on diesel. There are two 50.000 li ter double wall under ground oil tanks on the south side of the Power 
Plant building. 
1\vo of the 20 MBTU and the 6 MBTU boilers were commissioned in 1994. The other 20 MBTU boi ler 
and the two 850 ton centrifugal chillers were installed in 2006. 
lllere are two diesel generators that produce 1.2 MW of emergency power to the core campus buildings. 
1lle current campus generator load is 550 KW. The generators supply emergency power to specific 
distributions within the core buildings via tran fer switches. 
1he campu electrical con umption for the U BC Campus in _007 wa 1.449.600 KWH. Tile daily 
average wa 45,300 KWH/day (excluding the Sports Center). 
UNBC consumed 453.115 imperial gallons of water in 2007 for all buildings. 
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SCHEDULE I 
PROPOSAL RESPONSE FORM 
REQUEST FOR EXPRESSION OF INTEREST 
RFEI07-1015 
CAMPUS BIOENERGY PROGRAM 
Page 11 
This proposal response form must be completed by each Proponent and forwarded to The 
University of Northern British Columbia. All requirements outlined in the Request for Expression 
of Interest with their submission and any other documentation requested by UNBC, and any 
important information developed by the Proponent as part of its presentation, must accompany 
this form. 
PROPOSAL 
We, • having examined the Request for Expression of Interest 
and all other information and documents included in the Request for Expression of Interest. do 
hereby offer and agree to furn ish as described. 
1. Receipt of the following addenda is acknowledged: 
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Addendum No. ______ _ Date:--------
Addendum No. _____ _ Date : _______ _ 
Addendum No. ______ _ Date : _______ _ 
2. The University reserves the right to waive irregularities and informalities, to reject proposals 
from Proponents found not to be responsive according to the terms of the invitation, and 
the right to reject all proposals. 
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SCHEDULE I 
PROPOSAL SIGNATURE($) 
REQUEST FOR EXPRESSION OF INTEREST 
RFEI07-1015 
CAMPUS BIOENERGY PROGRAM 
Page 13 
The undersigned agrees not to withdraw or modify this Proposal for a period of sixty (60) days 
from submission deadline. 
NAMEOFPROPONENT: __________________________________ __ 
AUTHORIZING SIGNATURE: 
Print Name 
Official Capacity : 
Address: 
City: 
Province or State : Postal or Zip Code: ____ _ 
Date : 
Telephone: F~: _________ __ 
Duly authorized officers of the Proponent(s) shall properly execute the Proposal as follows: 
If the Proponent is a corporation, the proposal shall be signed in the name and under the seal of the 
corporation by a duly authorized officer of the corporation, with the designation of his/her official capacity, 
and attested properly. The proposal shall show the place in which the corporation is chartered. 
If the Proponent is an indvidual, he or she shall sign the fXOposal in person or by representative and be 
witnessed, stating the name or style, if any, under which he or she is doing business. If the signing is by 
representative, his or her power of attorney or other authorization shall be stated, and a certified copy 
thereof shall be attached to the Proposal. 
If the Proponent is a joint venture or partnership, the proposal shall be signed by EJach of the p9rsons or 
Propon9nts, which is a party to the joint venturEJ agreement. A cEJrtified copy of the joint venture agreement 
shall be attached to the Proposal. A joint venturEJ will not be accepted unless the joint ventur9 agreement or 
some other signed and legally birding instrument is certified and attached to the fXOposal, containing 
provisions for one of the parties to th9 joint venttr9 to be in full direction of the project and to exercise this 
direction through a single individual, to b9 appointed Manager of Operations with the consent of all parties 
to the joint venture agreement 
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Appendix Ill UNBC's Green University Brochure (Excerpt) 
, .Ja.c UNIVERS/1 'r' :J.L 
U,.J.I NOPTHE,i7 !11 5n:T.'SH COLU!.f81A 
Help UNBC continue o grow as 
1 Build a Forest Products and Bioenergy Innovation Centre. 
Assxlclaled wHh the e:llstlng l.K. Bllrbar 
&i1IJlced Faresby lab, the Centre wllllmse 
eqJip'rlilnt In which 1D oord.Jct researc11 an 
wood 11111 ms(lJfl;ll m gement Issues. 
lmmedakt resllflltlh prlar1tles will lndlJtE a host 
af lfOPds relllred D wood peUcn emlsslans. 
op!ratklls, ecaJOil"'i:s, al'll applr.lfuls. 
ll1t fBcll~ wruk:t II1CIIIpllfllle mseardllahs, 
hcuse MWni Resouroes Canada reslllillthlrs 
&atkn!d at UNBC, build on rum111t resean:b 
118flnershlps, al'll be lll~Jd~i~Bo1lnl ~pe 
u nalural materials , lnllCI'Witll\l 'MlOO lfOd.Jds, 
1111cl ~ enq. This a!l'llre will 
strel"f,Jthen a.mr:rt alllana!s 11111 fmtar new 
partnerships with kH1J5try llld IISsaciaiBd 
a'llencies fP!nroatl s lndudng F<RNrn< 
IUld PAmCAH, C~l. ~as w~ as with the 
\\bod Pellcn~a1ian of Clnadlt 11111 Forestry 
lnnCJWII l~ent Inc. 
2 Create environmental research leaders. 
Wallo h eammlc de~dthe 
kdlstry, mseardl chai"s wiD focus an the 
emlssklns, lll"f,Jineerlng, al1l jr'CI1JdUl af 
bklmass l1erat IJld enervy SOUialS.l"hey will 
pnwlde LIHBC 1100 !he reglao with the anM!ald 
biJNin capiiBIIIKESSary ID \1111111 ckBl1y 
trnJstry. 1J011E1R1 nt. and c:ommurities u 
wlue-addad Ide llut willllllSUre the long-
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C.I\NAOA'S 
GREEN 
UNMRSm'"" 
Canada's Green University 
1lrn1 sustalna!JIIIy ct our fiSII.IIalS and lllr 
rommooltles. 
3 Explore wood and other energy sources for the 
campus 
lnstalllf9 pellet-tired brAie!s, for lmiiTlpkl, wiU 
eNIIlle UNBC ID beaJme lhlt first ni'IU!Sity ard 
lhlt bJvest ta;tllt+y In Canada to IJj beamd wlll1 
blanass. Thera .m oppcrtmltles tD utilize wind, 
sdar, geoti'Mnnal, am olhltr blctlEis as new 
~s deleiCp and bealme CXl1111'1181dally 
~. ~ woa! Ia genelllle addticnal 
heal and poM!I' will alkM UNBC Ia ITIOiill the 
potential for IXlll1llllllllt-based plants. ~ Is 
Slso 1orrmJerab1e 1lllll tills ir'lfnlsiJu;iJr would 
Sl.lpllllrt a reseatth and deo~Bopment parK. a 
Unlwrslty "llaoe, ll'1d lhlt UriYBfSity ·Hetlhls 
NBghbourhcxxi 
4 Extend this infrastructl.l'e to the Northern Sport Centre 
The Charles Ji!go NOI1htrn ~ Centre f'Sq Is 
8 ragfon8l fBdllty 1lllll ¥1ill be 8 meanii'Qfulleg&"y 
fnrn the 201 0 W1lller Olympt lll1l Paral)mpc 
GllllE!S. By Wlktng oo lhe bloenargy cl1jBlily af 
lhlt camJlls, the ts: wll be a JJokXype for the 
use ct llltilmllte heat 100 energy sources In tfle 
ct Canada's roost lngenku! rrultl-spcrt fm:lll1ies. 
It will am strengftal UNOC's demonstraled 
capadtJ In hell1h resaard11111 health pni110IIoo 
In nlrtlem, lllllll , and abo!t;llnal communities. 
5 Expand coorse availability throoghout the North . 
U!ing telecommlllladlars 1schnology Is 
ecQ1aDCally ~ lm1 green ard would prWdl! 
the means for nlrtem cltlzln:; to aceess post-
secondary education wlthCllt bulll1lfll cosily 
C81Tlp11SeS a tra+tellng bi'Q dstances. The 
Nathl.hlc prqect Is being cleltelcped bot UNBC, 
the ncr1hem colleges, pemments, and III1JstJy 
part!NI'S. rt will bE! part ria roiJJst and ~ 
tekl:cmnunlcalloos baddlooe for lndusbry and 
ptbllc agsrlas, porentially adtesslrg ~ 
conctrns of the Port cl Prlnoe Rupert, NIJ'them 
Health, IIIli the Prince George alrpfrt 
6 Provide more scholarships for students. 
New awards wll ~ educ:atbn and research 
to ensurellllll Canada has the leOO!n It needs 
to make oor COUI1try an lnlemalloo8l example In 
the SISalnable use cl reDJilles. 
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Appendix IV UNBC Feasibility Study Proposed for Enhanced Forestry 
Laboratory 
87 
Final Proposal to Assess the Feasibility of Biomass Energy 
on UNBC's Prince George Campus as a Living Laboratory 
and a Showpiece for Industry 
University of Northern British Columbia 
and the 
Wood Pellet Association of Canada 
December 2007 
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Section one: BASIC INFORJ.\LJ\ TIOl'i 
Applicants 
Uninnity of Northern British Columbia 
3333 Unilltrsity Way, Prince George, BC, V2N 4Z9 
www.unbc.ca 
Busines.s Number: L l62 350 RTOOO l 
Presiden : Dr. Don Cozzetto 
Pmon w o \ViU sign the Contribution Agreement: Dr. Ron Tbring, Acting Vice-Pro\ os of 
Research and Graduate Programs 
Chief c ntac C. r this pr ~ec : Shelley Rennick Director of facilities 
Phone: 2 0.96 .6413 fax: 960-5 2 rennick@lUlbc.ca 
Location ofPr ~ect: tTh"BC Prince George Campus 
Wood PeUet Au ociation of Canada 
11020 Lower Mud River Road, Princ:e George, BC. V N 5C3 
www.pellet. rg 
Corporation Num er: S-350 2 
Executive Direc or and chief contact for this project John Swaan 
Phone: 2 0.56 .5508 jo etorg 
Location ofproJec : UNBC Prince George Campus 
Stction Two: ELIGIBILITY 
1. Sho11 Projt"rt Dt"scliption 
UNBC and the Wood Pe el Asr.ocia ·on of Canada are seel-ing to undertal:e a feasibility study 
that would explore UI\"BC's potenti as a biomass energy ite. Part of this ~aSI · ·ty study 
would include a the-m nth pilot project during the fall and winter at the Universiry-' s .K. 
Ba~r Enhanced Forestry Laboratory to effectit el) assess emissi ns, perational 
requirement cost~ and operational efficiency re ti\e the University's existing P :n'er P 
which uses gas-fired boilers. The projec will also incl de an a;:se-.ssment of biomass energy 
s mces, the optimum evel fbi mass utilization n campus. and how it would in erfa e with me 
emting university infrastructure. 
Inc rporating biomass energy on the campus would enable the operations be linked with 
applied research and pub ·c education rela ·ed o existing oppcrnmities for utilizing biomass 
~nergy in communities, publiclpriva e facth ·es, and neighbourhoods. 
2. Dttailtd ProjKt Dt"scription 
This is a major period of transition for BC's forest industry and fue many c mmuni ·es of the 
province mat depend n this industry. Hi~torica ' DlaJOf lumber-producing region, north-
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central British Columbia is being challenged by a number of fac ors, not the le.ast of which has 
been the damage done by the motm ain pine beetle. This has led to a grov.ring realization that our 
fore t resources can be - and J1ll.m be - used for more than lumber -production. This is especially 
true for beetle-killed trees, many of which are no longer uitable for dimens-ion lumber. They 
continue to hold enormous potential as sources of energy and the ~nica Beetle Action 
Coalition has identified bioenergy from forests as a key element in the region's diversification. 
In fact, north-central BC has even been called the Saudi Arabia of Bioenergy. 
But while the region holds cons-iderable promise, this has largely gone unfblfilled. Consi der the 
following: 
• The nine Canadian wood ~llet manufacturers that comprise the Wood Pellet Association 
of C-anada e>..'Port about 75% of the regional production to Eur~ and Asia. 
• A recommendation to use wood ~llets o heat and power the Olympic Village for the 
2010 Games in\ ancou er was turned do"li\•n by Vanc.ouver City C.ouncil because local 
residents just couldn' t believe it was a good environmental choice. 
• \ ariou<; green energy op ions involving trees does not yet seem to be cOllUllefcially 
viable. These include ethanol production, gasification, and the production of other bio-
fuels . 
In short, for the good of the enviromneut, resource communities-, and the forest industry i self, 
Canada needs a high-profile example of 'biomass energy done right " A uni ersity is the perfect 
place for this demonstration because of its eaching and research function. Universities are 
supposed to be agents of change for ociety and in fact have a s1gnific.ant role to play in realizing 
Canada's aspirations related to climate change, greenhouse gas emiss-ions, and resource 
management. .Among universities, illU3C is the ide.al venue for implementing biomass energy 
largely clmved from beetle wood: 
• The core academic buildings- are heated \vith bot water and are served by a central Power 
Plant that was originally designed to accommodat-e green energy sources. 
• Ul\"BC has a proven track record involving grotmd-bre.aking research on pine beetle 
genetics, transport, adaptability to other tree s-pecies and the shelf-life of infected wood. 
It is also in\ olved in research on air quality, pollution transport, and industrial emissions. 
• U1\1K is located at the epicentre of the pine beetle infestation and, in fact, had o remo ·e 
more than 500 beetle-killed trees from its campus gr0tu1ds. 
• Recognizing the envirOWlletltal nature of i s teaching, research, and campus operations -
as well as its location in a region rich in natural resources- UNBC is Canada's Green 
University. It is in this region that environmental sustainability is a requirement for 
c.ommunity sustainability. 
UNBC and the \\ ood Pellet Association of Canada are !.eeking to tmdMake a feasibility study 
that would assess the Univers-ity' s potential as a biomass energy site. 
Part of this study will incl"\ld( an engineering assessment related to the University s infrastructure 
and a comparison of green energy sources. It will also include a pilot project to assess the 
installation of the new infrastructure ~lle delivery, cost of energy, emissions, and other 
operational issues. This pilot project will be conducted at the IK Barber Enhanced Forestry 
Laboratory (EFL) on campus. This site is appropriate for two reasons: a) the building is heated 
with hot \Vater so it provides a scaled-down version of the entire campus, and b it \\'as 
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sp«ific.ally built to house research and innovation related to forest management and wood 
utilization.. 
In short, the fe~ibility study and related research will be essential for demonstrating the 
commercial viability and environmen a1 benefits of biomass energy systems. 
The feasibility !>tudy would also be essential to accessing additional provincial, federal, private 
sector, and foundation funds to install the necessary infrastructure for the campus as a \\hole. It 
is also expected that this project will lead to the creation of a Bioenergy Innovation Centre at 
UNBC that will enable enhanced local research on forest products and green energy sources. 
The operational and technical results of the feasibility tudy will be publicly available. The!>e 
would be especially useful for other facilities and municipalities that are comidering the 
implementa ion ofbiomass energy S)'!>fems. The size ofUNBC (one million square feet) and the 
numbers of people on campus daily (approximately 4500) makes the University a !>uitable model 
for small conununities larger corporations or public institutions or parts of metropolitan centres, 
such as the City of Vancouver. Clearly, the opportunity exists for me to be a national leader 
in its utilization of biomass energy. 
Ultimately, UNBC hopes to emerge as a howcase for green energy edmologies that are 
particularly relevant to the areas that have been affected by the mountain pine beetle. 
3. D~sc•·iption of th~ Applicant 
Uninrsity of No11hun British Columbia 
UNBC is an au onomous uni ·ersity established by the Government of British Columbia in 1990. 
It provides degree programming in the arts., !>cienc.es, and professional programs at its core 
campus in Prince George and numerous regional teaching centres. In addition, UNBC is one of 
the most research-intensive small universities in Canada . 
UNBC \¥as created from a grassroots movement in northern BritiYl Columbia that saw 16 000 
people pay $5 to sign a petition in upport of the institution.. As a result, me has a special 
relationship ·with the communities of the region and has a responsibility to respond o the issues 
tha are most critical to them and their social, environmental, and economic sustainability. 
This particular project \\lill be coordinated by the Facilities Department and the Office of 
Campus Planning. Facilities is the department charged with the operations ofthe University s 
buildings and is le.d by a Director and 3 line supervisors. It recei es its funding from the 
University operating budget. 
Wood Ptlltt Association of Canada 
WoodPAC is a non-profit, industry association representing nine Canadian wood pellet 
manufacturer!>. Its mission is to ad anc.e the Canadian pellet industry in its work to grow the 
bioenergy field and wood pellet industry into the most ec.onomic.ally viable, sustainable energy 
option. It repre!>ents its mm1bers in government relations, research collaborations, and 
communications activities that provide infonnation about the wood pellet industry. 
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WoodP AC is governed by a board made up of equal representation from each of i s member 
groups. 
4. Elipbility of tht> Projt>ct 
The increased utilization of the region'~ for~t resources (especially the trees killed by the 
mountain pine beetle) for energy production is an important economic diversification objecti\ e. 
It meets CEDI's mandate by helping o support conununity c.apacity-building, diversifying into 
new types of forest products/uses, and showc.asing viable options for energy utilization and 
infrastructure. 
The potential implementation of bio~s energy on the campm would support f~ral and 
provincial objecti\ es to reduce gas consumption and greenhouse gas emissions. In fac , energy 
production from wood is key to Bri ish Columbia's energy plan. Research tmdertaken as part of 
the initiative would a~o support the Government of Canada's top two research priorities: 
Environmental Science and Technologies and J.atural Resources and Energy. 
Srction thrrr: VIABILITY 
5. Timt>lint>s 
Date of expected 
1 
2 Jan 16-3 , 2 08 
3 Jan 16- 3 , 2 08 
4 Febru:uy 2008 
5 
6 
7 
8 
9 
11 
12 
13 
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13 Mon· or a d record emiss· ns from the campus Power P a t 
14 
15 
16 
17 
6. l\lanagt>mt>nt of tht> Pa·opont>nt (history and capacity) 
UNBC has a research, technical, fmancial, and operational infra~rure that will enable this 
project o succe.ed. In fact, the Uni\ ersity has a proven track record \\li th Western Ec.onomic 
Diversification tha point o its ability to responsibly use public funds to realize go\ emment 
objectives (the following is an abbreviated list of WD investment a UNBC): 
G00095201 Enhanced Forestry Dr. Max Blouw $311 168 
Lab Expansion 
Proposal 
G00027265 Renewable Energy Dr_ Ron Thring $200,000 
and Envirownental 
Research and 
Development Centre -
Lab E<luimnent 
G00027292 NorthemBC Dr. Greg Halseth $177 000 
Economic 
Development Vision 
and Strategy Project 
G00027418 Northern Life Dr. Max Blouw $1,200,000 
Sciences Rese.arch 
Facility 
1\fana&trs nsponsiblt> for this pr·ojt>ct : 
• Sht>Ut>y Rtnnirk, UNBC Director ofF acilities -oversees a staff of 22 and is responsible 
for the operation of all campus buildings_ 
• Godfny l!tdhurst, UNBC Dire.ctor of Campus Planning - a foJ'IDef Director of 
Facilities that was the primary UNBC official o ·erseeing the construction of the initial 
Prince George campus and many of the buildings construe ed subsequent to the 
University' s opening on 1994. 
• Doni Cartu, UNBC Chief Engineer- responsible for the daily operation of the Power 
Plan _ Has 15 years of experience at UNBC. 
• John Swaan, Executive Director of the Wood Pelle Association of Canada- 14 years of 
experience in pellet manufactwing, marketing and applied research. Opened one of 
Canada's first wood pellet manufacturers in 1994 and introduced the firs shipment of 
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Canadian wood pellets to Europe. CWRntly Chair of Canada' s premier Bioenergy 
Ccnference and Exhibition. 
Ad.ministratin suppo11 sb11ctw·e.s: 
Office of Communications- Rob van Adrichem, Director of Media and Public Relations 
Office of the \1ce-Pro,·ost, Rtsearch and Graduatt PJ·ograms- Dr. Ron 1bring, Acting 
Vice-Provost 
Finance Department- uanne Mwphy Acting Director of Finance 
Office of Pw·c basing, Contracts, and Risk Managemtnt - Shcila Keith, Director 
Office of tininrsity Ad\-' an cement- Allan Berezny Direc or 
Acadelnic support: 
College of Sdtnct and Managemtnt- Bill McGill, Dean 
:En\'i.ronmental :Engineering- professors Peter Jackson and Steve Helle 
Institute for Social Reseanh and :Evaluation- Alex :Michalos, Director 
7. Guvnnancto of tht- Propont-nt 
UNBC 
~ operation of the University is rontrolled by a Board of Governors. It is not expected, 
however, that this project \\ould be implemented by the Board. Rather, it would be delegated to 
the Diversity administration and led by the managers responsible for the project (indicated 
above), reporting to the President's Executive Council. 
Wood Pellet Association of Canada 
WoodPAC is a small industiy association led by a Board of Directors made up of each of it nine 
member manufacturers. ~Board provides broad direc ion on the Association' s priorities, with 
these directives being carried out by the Administration. This proposal is being brought to the 
Board for approval on December 18. Inf01lll3tion on this decision will be provided to Wes1em 
Economic Diversification following the Beard meeting. 
8. Financial Sustainability of the Organization 
UNBC 
2006-07 Financial statements are attached, as Appendix One. Historical data is available from the 
following website: http:/ N'Ww.unbc.c.a!finance_dep s atements.htmL The University's two 
primary sources of operating funding are the Government of British Columbia (Ministry of 
Advanced Education) and student tuition fees . 
~ Uni\ ersity has identified that it will contribute $38,528 towards the cost of the project. 
"ood Pellet Association of Canada 
A recent financial statemen from the V. ood Pellet Association will be provided to W es1em 
Economic Diversification after the Decen1ber 18 Board meeting ( ee response to question 7 
above). This will be provided as Appendix Two. The A<>sociation ''ill be making a :ignific.ant in-
kind contribution to this project, pro\'iding the pellets (and delivery) for the duration of the pilot 
project. 
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9. Financial Analysis of This Pa·oject 
CWTently, ~ Univ~rsity !.pends clos~ to $2.5 millioo per y~ar on utility costs (~lectricity and 
natural gas), with narural gas to heat the campus accomting for about $953,000 per y~ar-
This is a finit~ project that will be complete by March 31, 2009. Ifth~ f~asibility study !.how 
that ~lle s ar~ a viable option for the loog- enn opo-ation of th~ campus, the Univ~rsity ~xpects 
tha it would have to seek additiooal funds to convert the campus infrastructur~ to u~ biomass 
energy. In this ca~, the f~asibility study will be ~d o support t~ acquisition of these fund<> 
from the provincial and f~deral governments (potentially including WD), private donors, crown 
corporations founda ions, ~tc 
10. Planned project start date 
~proponents would hav~ o award th~ tender order equipmmt and start working with the 
equipment manufacturers th~ first w~k in April to be able to complete th~ project as outlin~d on 
the timelin~- It is exp«ted that monthly invoices for contracts and equipment orders would begin 
by April 30, 2008_ 
11. PlannHI project cancellation date 
May 1, 2008 
12. Completion date 
February 28, 2009 
13. Finala·eporting date 
March 31 , 2009 
14. P1·oject costs 
See th~ attached document titledA/)pendix Drree, for details of~ proj~cts costs (~tion #14) 
and project ca!.h flows by fiscal year (Question #16). 
15 .. Analysis of sou.-ce of funds 
Conllibutor 
Co..mtcl ((.); 
Uacoafinafd (U): od 
Coaditioul (CL) 
We;:!lll &o:IDll:ic Divmitica.:ioo $362.91 8 (U) 
95 
Aaout- Fiscal Vur 
IU/Il-OIIt.V31 
·'-t-Fisc-al \"tar 
4JOl-tl9103fJl 
~362.918 
9 
Ptovil:.rial or C.ron CotponlioDs . UNBC $3S,52& (C) t2.ooa $36.523 
~Oli-JO''mZGI 0rpmu.t.oll5 . 
Ptn-a:tOrpu;utiOilS Ul.OOO(C) ~3l,OOO . 
~ua . 
Tttal SUJ,446 $2,oot S4Jl,Uii 
• Th f""mlli!O[ fuc.rl }'!!lr ~IlL; Oil Apt"J 1. 
16. P1·oject cash flows by &ovnnment ftscal yea1· 
See :ppendix n~ree. 
Section four: BE:\fEFITS 
17. Project indicators 
Start date Baserne Benefit Target Number 
fndicator for ind·cator Number measurement 
date 
1. Number of alternative heating May 1, Zero March 31, 2009 Fo r 
op ions for the ca us, a ng 2 0 
with an assessme of their 
economic, opera io al , and 
environmental viabi i1y. 
2. Evaluation of the economic September March 31, 2009 
and en ron ental viabmty ·of 1, 2008 
usi 9 pellets as an alternative 
fuel source for the campus. 
3. Number of high school, September Zero March 31, 2009 2CO 
col ege, and u · ersity 1' 2008 
stude ts exposed to a 
biomass e ergy system i 
operation at UNBC. 
4. Number of inquiries from April 1, Zero March 31 , 2009 20 
facilities , bus· esses, a d 2 08 
m ic·palities related to the 
viabi i1y of biomass e ergy as 
a resuH of this project 
18. :Measurement and methodology 
~ expert technical consul tan~ \Vill provide an analysis and e\ aluation of the viability of the 
alternate fuel source. The installation of a ~llet boiler and using ~llets as an al emate futl 
source for 5 months will provide the data required to detennine economic operational and 
environmen al viability. Weekly measurements will be taken using combustion and particulate 
analyzers to detennine energy and particulate output 
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In addition to th~ technical measurements, the proponents are planning to dev~lop an on-campns 
and public survey that would asses community opinions on biomass energy. 
19. Explain thf incr•m•ntality of this projKt as it nlatf'i to you•· 
organization's n01·mal or cor• ongoing acthiti•s 
UNBC s Prince George campus con~ significant amounts of natural gas and electricity. In 
2006 alone heating the cor~ aca~mic buildings on campus requir~ 66,000 giga-joules of 
natural gas - equivalent to heating nearly 200 homes. 1k University also cODS\lllled more than 
16.4 million kilowatt hours of electricity. Even though me has one of the most energy-
efficient university campuses in Canada it can dearly do ~tter. It is anticipa ed that th~ addition 
of biomass energy for heating on the campus '" ould enable UNBC to reduce its gr~enhouse gas 
contribution<> and position it as a leader in Canada. 
At th~ same time, utilizin& biomass ~n~r&y would pro,id~ th~ industry "ith a public 
Mucation showpiKf and a local sitf for appli~d nst>arch. Both are crucial if the biomass 
industry is to realize th~ enormous po ential that it has in northern BC. Divmification away from 
lum~ production is required if the communities affect~ by the mountain pine b«tle infestation 
are to contin~ realizing economic benefit from its~ forests in o the future . 
20. Communications Opportuniri•s 
Over the pa~t several years, UNBC has communicated many of its pine ~etle-relat.ed activities 
to the local, regional, provincial, and na ional media. Examples have incl~ ne'ivs storie on 
Global Television, CBC radio and television, the Globe and Mail, Vancouver Sun, Prince 
George Citizen, PGTV, the Williams Lake Tribune, the ~snel Cariboo Observer the Terrace 
S andard, e c. If the University is successful in obtaining CEDI ftmding for this project the 
UNBC Office of Communications \Vill undertake the following: 
• organization of an announcement on-campus with a Federal representative (if ~sired by 
WD). 
• profile at the 2008 Bioenergy Conference and Exhibition in Prince George. This event is 
expected to attract up to 400 ~legates. 
• Provision of a story o the Bioenergy lntemational magazine, published in Sweden. 
• A media event when the pilot equipment is ~ing installed that would ind~ a 
demonstration of how the equipment will work. 
• a De\! ·s release on the successful proposals distnbu ed to regional and provincial media. 
• a profile on the University's homepage ( 4000 visits daily) and a more ~tailed summary 
on the University'r. news media site (700 visits per month). 
• a feature article in the University's Update magazine (~tribu ed to 13,000 alumni, 
donors, government officials, and general public). 
• a profile in the University's weekly elevision program, aired on Shaw Cable stations 
throughout BC, as weU as in weekly updates provi~ to local radio and the Prince 
~rge Citizen newspaper. 
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21. Othu- L•ttus of Support 
City of Prince George: Derek Ba es, City :Manag~ - Appendix Four 
Wood Pellet Association of Canada: Jolm Swaan, Executive Director- Appendix Five 
12 
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Appendix V List of Questions Developed to Collect Information from 
Voluntary Study Participants 
Note: Not all questions were posed to all participants; questions asked of participants 
were limited to the area of expertise of each participant 
Wood Pellet Costs I Quality 
1) What is the current cost breakdown for manufacturing pellets? (sawdust costs, 
additive costs, machinery costs, etc.) 
2) What are the costs of pellets per truckload currently? 
3) What are the projected costs of pellets for the future? 
4) What implications are there for pellet cost based on the projected supply of raw 
materials for pellets over the next 20 years? 
5) What rate of inflation is used in your business? 
6) How consistent is the quality of the pellets manufactured? 
7) Do you conduct regular energy output calculations on samples of pellets? Could I 
obtain copies of these results? 
8) Are there any other wood pellet cost or quality issues that you would like to share 
with me? 
Pellet Boiler System 
1) In addition to the basic components of a pellet boiler system, what other 
components should be considered? 
2) Can hog fuel be used as a substitute fuel in a pellet burning centralized heating 
system? 
3) What is the cost/price breakdown on an entire pellet boiler system? 
4) What are the costs of the components in the pellet boiler system? 
5) What are the projected maintenance costs for the components within the pellet 
boiler system? 
6) What is the projected life of the pellet boiler system? What about the individual 
components ofthe system? 
Transportation Issues 
1) What is the cost of transporting wood pellets to UNBC? 
2) Are there options for using different trucking contracts and/or different size 
truckloads? 
3) What rate of inflation is used in the trucking business? 
4) Are the trucking companies unionized? If so how are shipments handled during 
labour disruptions? Do shipments cease entirely? And if so, how frequently does 
this occur? 
5) What is the effect of rising fuel costs on transportation costs? 
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University Heating Loads 
1) What are the heat energy (annual and monthly) usage patterns at UNBC w/ 
current campus structure? Could you provide me with either the raw or 
summarized data over the last 3-5 years? 
2) What are the costs associated with maintaining the current UNBC heat energy 
system? 
3) Are there any amortized costs or debt to be repaid on the existing UNBC heating 
system? 
4) Is there a projected salvage value for the current UNBC heat energy system when 
it reaches the end of its useful life? 
5) When is the current UNBC heat energy system expected to reach the end of its 
useful life? Would this date change if the existing system became a backup 
system? 
6) Do you have climate data on the Prince George area? Specifically, the number of 
heating degree days? 
7) What is the heat energy requirement projected to be over the next 20 years? 
8) What inflationary rate is used to project future costs for natural gas and 
electricity? 
Emissions Issues 
1) What are the provincial emission standards for wood burning power plants? 
2) What are the city of Prince George standards (if any)? 
3) What are the likely projected limits within the next 20 years? 
4) What are the typical costs for maintaining an emissions testing program? 
5) What are the typical costs for scrubbing exhaust gases to meet emission 
standards? 
6) Are there aesthetic or other concerns about exhaust emissions, even when 
emission standards are met? 
Disposal Issues 
1) How can wood pellet ash be disposed of in the province of BC? In the city of 
Prince George? 
2) Can wood pellet ash be composted? What are the costs associated with this 
recycling effort? 
3) What are the costs associated with disposal? 
Maintenance Costs 
1) What are the monthly and/or annual maintenance costs for the existing UNBC 
heating system? 
2) What would be the estimated cost for maintaining an additional wood burning 
power plant? 
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3) Would there be compatibility issues between a wood burning boiler system and 
the existing UNBC power plant equipment and structures? 
Financing I Capital Cost Issues 
1) What is the financial hurdle rate for university capital projects? 
2) What are the financing options currently available? Are municipal, provincial, 
federal or other grants an option? 
3) What are the tax implications behind installing a pellet boiler system at UNBC? 
4) What fmancing costs would UNBC incur in acquiring and utilizing a pellet boiler 
system? 
1) 5) What is the price of a self contained wood pellet fired boiler system? What 
are the individual component costs of such a system? 
5) What are the costs to network the above system into the UNBC power plant (ball 
park estimate)? 
6) Where could the wood burning plant and associated structures be located? 
7) What would be typical engineering costs for a project that would be capable of 
providing all ofUNBC's heating requirements over the next 20-30 years? 
8) Will there be additional construction costs that fall outside of the pellet boiler 
system but are required to complete the project? 
9) Depending on the location of the pellet boiler system, are there permitting or site 
specific costs that could be incurred? 
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Appendix VI Example of Financial Analysis Used for Average Capital 
Cost and Average Fuel Cost Financial Analysis 
But cast or Aytrau Price Scenario 
RETScrttn 4ata 
(from RETScreen info, info from Chief Engineer and/or confirmed by industry contacts) 5 MW maxlm11m plant olllplll 
Cost lkW Average Total Cost 
Cap~al Cost price range: Wood pellet $100-$.COO $250 $1 ,250 ,(Xll 
Natural Gas $25-$200 $112.50 $562,500 
Fuel Cost range: Wood pellet $100-$120/tonne $110 2.46 ,107 From RETScreen Load & Network Tab 
Natural Gas $8.~$1 0.50/GJ $9.50 419,979 From RETScreen Load & Network Tab 
Discount Rate: 8% 
lnftation: 2% 
Fuellnftation: 2% 
Heated Floor s~e: 56,782 rn2 
Seasonal Elliciency: 00% 
Heating load: 75 W/rn2 
Domestic hot water. 10% 
Energr Elli~ measures: 0% 
Wood Pelet Fuel Costs Natural Gas Fuel Costs 
Yearly cost Inflation and hit Yearly cost Inflation and rue Coli PV of Cost Discounted 
Year Nominal illfl ation x 1.0. Nominal ~.50S Infl ation x 1.0. Savin!! Sivln!! Cumulative CF Sill Palback 
0 1,250 ,000 1 ,250,(Xll 562,500 562,500 · .fi37 ,500 .fi37,500 0 .fi37,500 
1 2.46 ,107 2.46 ,107 419,979 419 ,979 173,872 160,993 160 ,993 -526f;IJ7 
2 2.46 ,107 ' 255,951 419 ,979 4li ,778 100,827 155,03J 316 ,022 -371 ,478 
3 2.46 ,107 ' 266,189 419 ,979 454,249 100,000 149,200 465,311 -222 ,189 
4 2.46 ,107 ' 276,837 419,979 472 ,419 195,582 143,759 609 ,069 -78 ,431 
5 2.46 ,107 ' 287,910 419,979 491 ,316 203,406 138,434 747 ,504 60,()04 
6 2.46 ,107 ' 299,427 419 ,979 510,969 211,542 133,307 800,811 193,311 
7 246,107 ' 311,404 419,979 531,407 220,()04 128,370 1 ,D09 ,181 321,681 
8 2.46 ,107 ' 323,860 419,979 552,664 228,fll4 123,616 1,132,797 «5,297 
9 2.46 ,107 ' 3li,814 419,979 574,770 237,956 119,037 1 ,251 ,834 564,334 
10 2.46 ,107 350,287 419,979 597 ,761 247,474 114,628 1 ,366,.462 678,962 
11 2.46 ,107 1)4,298 419,979 621,672 257 ,373 110,383 1 ,476,8.45 789,345 
12 246 ,107 378,870 419,979 646,538 267,668 106,295 1,583,140 895,640 
13 246 ,107 394,025 419,979 672 ,400 278,375 102,358 1 ,685 ,497 997~7 
14 246,107 409,7ffi 419 ,979 699,296 289,510 00,!£ 1,78.4 ,064 1,096,564 
15 246 ,107 426,178 419,979 727,268 301,[00 94 ,916 1,878 ,000 1,191,400 
16 246 ,107 443,225 419 ,979 756,358 313,134 91,401 1,970 ,ll1 1 ,282,001 
17 246,107 460,954 419,979 7ffi ,613 325,659 88,016 2,D58 ,397 1 ,370,897 
18 246,107 479,392 419,979 818 ,077 3ll,685 8.4,756 2,143 ,152 1,455,652 
19 246,107 400,568 419,979 850 ,000 352,233 81,617 2,224,769 1,537,269 
20 2.46,107 518,510 419 ,979 884 ,832 ::ai,322 78~ 2,303 ,li3 1 ,615,ffi3 
2t 2.46 ,t07 539,251 419 ,979 920,226 300,975 75 ,683 2,379 ,045 1,691,545 
22 246 ,107 560,821 419,979 957 ,035 3$,214 72,800 2,451 ,925 1,764,425 
23 246 ,107 583,254 419 ,979 995,316 412,D63 70,181 2,522 ,106 1,834,606 
24 246,107 606,58.4 419 ,979 1,035,129 428,545 67,581 2,589,687 1,902,187 
25 246,107 630~7 419,979 1,076,534 «5e!i7 65,078 2.654,765 1,$7 ,2§2 
TOTALS 7,402,675 11,499,350 11 ,061,975 18,052,!'()7 6,553,557 1 ,r:£.7 ,265 NPV one 
1 ,$7,265 NPV check 
29.18% IRR 
8.00 yrs Simple Payback 
15.64 yrs Discounted Payback 
W PI > 1 then accept the project if PI < 1 then reject the project 1.57 PI 
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Good 
Good 
Good 
Good 
Accept 
